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(57) ABSTRACT

A method of making composite nanoscale particles compris-
ing subjecting a starting material to laser energy so as to form
avapor and condensing the vapor so as to form the composite
nanoscale particles, wherein said composite nanoscale par-
ticles comprise a first metal and/or a first metal oxide incor-
porated in nanoscale particles of an oxide of a second metal,
the first metal being different than the second metal. The
starting material can comprise first and second metals or
compounds of the first and second metals. The composite
nanoscale particles can be formed in a reaction chamber
wherein a temperature gradient is provided. The atmosphere
in the chamber can be an inert atmosphere comprising argon
or a reactive atmosphere comprising oxygen. The composite
nanoscale particles are useful for low-temperature and near-
ambient temperature catalysis. The composite nanoscale par-
ticles can be incorporated in the tobacco cut filler, cigarette
paper and/or cigarette filter material of a cigarette to catalyze
the oxidation of carbon monoxide to carbon dioxide.
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IN SITU SYNTHESIS OF COMPOSITE
NANOSCALE PARTICLES

BACKGROUND

[0001] Smoking articles, such as cigarettes or cigars, pro-
duce both mainstream smoke during a puff and sidestream
smoke during static burning. One constituent of both main-
stream smoke and sidestream smoke is carbon monoxide
(CO). The reduction of carbon monoxide in smoke is desir-
able.

SUMMARY

[0002] A method of making composite nanoscale particles
comprises subjecting a starting material to laser energy so as
to form a vapor and condensing the vapor so as to form the
composite nanoscale particles, wherein said composite
nanoscale particles comprise a first metal and/or a first metal
oxide incorporated in nanoscale particles of an oxide of a
second metal, the first metal being different than the second
metal.

[0003] A method of making a cigarette comprising the
composite nanoscale particles comprises the steps of: (i) sub-
jecting a starting material to laser energy so as to form a vapor
and condensing the vapor so as to form the composite nanos-
cale particles, wherein said composite nanoscale particles
comprise a first metal and/or a first metal oxide incorporated
in nanoscale particles of an oxide of a second metal, the first
metal being different than the second metal; (ii) incorporating
the composite nanoscale particles in and/or on at least one of
tobacco cut filler, cigarette paper and cigarette filter material;
(iii) providing the tobacco cut filler to a cigarette making
machine to form a tobacco column; and (iv) placing the
cigarette paper around the tobacco column to form a tobacco
rod of a cigarette.

[0004] According to a preferred embodiment, the starting
material can comprise the first and second metals or com-
pounds of the first and second metals in the form of one or
more targets. For example, the starting material can comprise
a single target that comprises the first metal and the oxide of
the second metal, or the starting material can comprise a first
target of the first metal and/or the first metal oxide and a
second target of the second metal and/or oxide of the second
metal.

[0005] Preferably, at least some of the first metal and/or the
first metal oxide is incorporated in the lattice structure of the
oxide of the second metal. The composite nanoscale particles
made by the method can comprise from about 2 to 70% by
weight of the first metal and/or the first metal oxide. Exem-
plary first and second metals include Mg, Al, Si, T1, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Sn, Ce,
Pr, La, Hf, Ta, W, Re, Os, Ir, Pt and Au. According to a
preferred embodiment, the first metal is copper and the oxide
of the second metal is cerium oxide.

[0006] The composite nanoscale particles preferably have
an average particle size of less than about 100 nm and com-
prise an oxide of a second metal that is at least partially a
non-stoichiometric oxide of the second metal.

[0007] The laser vaporization, which can be carried outin a
reaction chamber, can be provided by a beam of a laser which
strikes the starting material such that the beam is moved
relative to the starting material. The reaction chamber pref-
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erably has an upper portion and a lower portion wherein the
temperature maintained in the upper portion is less than the
temperature maintained in the lower portion such that the
condensing occurs in the upper portion. Thus, a temperature
gradient is preferably maintained in the reaction chamber,
and the vaporized starting material condenses into composite
nanoscale particles that deposit in a relatively cool portion of
the chamber. The vaporized starting material can condense in
the gas phase such as via interactions with one or more gases
present in the reaction chamber.

[0008] An inert carrier gas or a reactive gas mixture com-
prising an inert carrier gas and a reactive gas can be added to
the reaction chamber. A preferred inert carrier gas is helium or
argon gas. Reactant gas mixtures comprise oxygen, water
vapor, air or mixtures thereof, though a preferred reactive gas
mixture comprises an inert carrier gas and oxygen. The gas
pressure in the reaction chamber can be greater than about
10 Torr (e.g., from about 760 to 10* Torr). A preferred gas
pressure in the reactor is atmospheric pressure.

[0009] The composite nanoscale particles can be heated at
a temperature of at least about 200° C. such as in an atmo-
sphere comprising oxygen (e.g., an atmosphere comprising
argon and about 20% oxygen) which can oxidize the first
metal. The heating is preferably done after formation of the
composite nanoscale particles (e.g., before incorporating the
composite nanoscale particles into a component of a ciga-
rette).

[0010] According to an embodiment, a cigarette compo-
nent such as tobacco cut filler, cigarette paper and cigarette
filter material can comprise the composite nanoscale par-
ticles. When incorporated into a cigarette, the composite
nanoscale particles are capable of acting as a catalyst for the
conversion of carbon monoxide to carbon dioxide. Cigarettes
incorporating the composite nanoscale particles preferably
comprise an amount of the composite nanoscale particles
effective to reduce the ratio in mainstream smoke of carbon
monoxide to carbon dioxide by at least 10%. In an embodi-
ment, the composite nanoscale particles are incorporated in
an amount effective to convert at least about 5% (e.g., at least
about 10, 20, 30, 40, 50, 60, 70, 80 or 90%) of the carbon
monoxide to carbon dioxide at a temperature of less than
about 175° C. The composite nanoscale particles can be
incorporated along the length of the tobacco rod such as by
spraying, dusting or immersion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows an experimental setup for the Laser
Vaporization Controlled Condensation (LVCC) technique
that includes a diffusion cloud chamber.

[0012] FIG. 2 shows X-ray diffraction patterns for starting
material (curves a-b) and nanoscale particles (curves c-d)
prepared according to preferred embodiments.

[0013] FIG. 3 showsa TEM image for composite 20:80 (wt.
%) copper:cerium oxide nanoscale particles.

[0014] FIG. 4 shows a HRTEM image for composite 20:80
(wt. %) copper:cerium oxide nanoscale particles.

[0015] FIGS. 5A-5B show EDX spectra for composite
20:80 (wt. %) copper:cerium oxide nanoscale particles used
for energy dispersive x-ray (EDX) analysis.
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[0016] FIG. 5C shows a TEM image for composite 20:80
(wt. %) copper:cerium oxide nanoscale particles.

[0017] FIG. 6 shows an experimental setup for measuring
the activity of composite nanoscale particles.

[0018] FIGS. 7A-7L show the percent conversion of CO to
CO, versus sample temperature for composite copper:cerium
oxide nanoscale particles having different amounts of copper.

[0019] FIG. 8 shows a TEM and electron diffraction image
for a 50:50 (wt. %) copper:cerium oxide sample after heating
the sample to about 200° C.

[0020] FIG. 9 shows Temperature Programmed Reduction
(TPR) data for composite copper-cerium oxide nanoscale
particles.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0021] Composite nanoscale particles can be incorporated
into a component of a cigarette such as tobacco cut filler,
cigarette paper and/or cigarette filter material. The composite
nanoscale particles can act as a catalyst to oxidize carbon
monoxide to carbon monoxide. In particular, the composite
nanoscale particles are useful for low-temperature or near-
ambient oxidation of carbon monoxide. By incorporating the
composite nanoscale particles into a component of a ciga-
rette, the amount of carbon monoxide in mainstream smoke
can be reduced.

[0022] Composite nanoscale particles can be provided by
subjecting a starting material (e.g., target) to laser energy so
as to form a vapor and condensing the vapor so as to form the
composite nanoscale particles, wherein said composite
nanoscale particles comprise a first metal and/or a first metal
oxide incorporated in nanoscale particles of an oxide of a
second metal, the first metal being different than the second
metal.

[0023] By incorporated in is meant that the first metal and/
or a first metal oxide can be located in the crystal lattice of the
oxide of a second metal (i.e., an atom of the first metal can be
substituted at the atomic site of the second metal) or the first
metal and/or a first metal oxide can comprise a second phase
that is incorporated into the matrix of the oxide of a second
metal (i.e., 2 homogeneous or inhomogeneous composite).

[0024] According to a preferred embodiment, the first
metal and/or the first metal oxide and the oxide of the second
metal are formed simultaneously and co-deposited to form
the composite nanoscale particles. The composite nanoscale
particles can be deposited directly on a component of a ciga-
rette or, more preferably, the composite nanoscale particles
can be formed, collected, and subsequently incorporated in a
component of a cigarette.

[0025] Inanablative process, a region of the target absorbs
incident energy from the energy (e.g., laser) source. The
incident energy can comprise, for example, pulsed laser
energy. This absorption of energy and subsequent heating of
the target causes the target material to ablate from the surface
of the target into a plume of atomic and ionic species (i.e.,
vapor). The atomic and ionic species can condense into
nanoscale particles by vapor phase collisions with each other
and with an inert or reactive gas.

[0026] The amount of energy required will vary depending
on process variables such as the temperature of the starting
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material, the pressure of the atmosphere surrounding the
starting material, and material properties such as the thermal
and optical properties of the starting material. With laser
ablation, the starting material is progressively removed from
the target by physical erosion. The target is formed of (or
coated with) a consumable material to be removed, i.e., target
material.

[0027] The starting material may be any suitable precursor
material with a preferred form being solid or powder materi-
als composed of pure materials or a mixture of materials.
Such materials are preferably solids at room temperature
and/or not susceptible to chemical degradation such as oxi-
dation in air. For example, the starting material can comprise
a pressed-powder target.

[0028] The laser energy preferably vaporizes the starting
material directly, without the material undergoing significant
liquid phase transformation. The types of lasers that can be
used to generate the laser energy can include ion lasers, UV
excimer lasers, Nd-YAG and He—Ne lasers. The laser beam
can be scanned across the surface of the target material in
order to improve the uniformity of target wear by erosion and
to improve the reproducibility of the atomic and nanometer-
scale particles.

[0029] The method combines the advantages of pulsed
laser vaporization with controlled condensation in a diffusion
cloud chamber under well-defined conditions of pressure and
temperature. The method can employ pulsed laser vaporiza-
tion of at least one target into a selected gas mixture in a
modified diffusion cloud chamber. Typically, the chamber
includes two horizontal metal plates separated by an insulat-
ing side wall. The target is placed in the chamber, e.g., on the
lower plate, and the chamber is filled with a gas such as an
inert gas or a mixture of an inert gas and a reactive gas. For
example, the inert gas can comprise helium, argon or mix-
tures thereof, and the reactive gas can comprise oxygen. Pref-
erably a temperature gradient is maintained between the top
and bottom plates, which can create a steady convection
current that can be enhanced by using a heavy gas such as
argon and/or by using above atmospheric pressure conditions
in the chamber (e.g., from about 760 Torr to 10* Torr). Details
of suitable diffusion cloud chambers can be found in The
Journal of Chemical Physics, Vol. 52, No. 9, May 1, 1970, pp.
4733-4748, the disclosure of which is hereby incorporated by
reference.

[0030] A schematic illustration of an LVCC chamber 2
suitable for production of composite nanoscale particles is
shown in FIG. 1. Two circular horizontal stainless steel plates
denoted as the top cold plate 4 and the bottom hot plate 6 are
separated by a glass sidewall 8 with about a 6 inch outer
diameter. A bulk target 10 is set on the bottom plate 6, and
may be contained in a holder. The reaction chamber 2 is
connected to a gas supply 12 through a gas inlet hole 14
situated on the bottom plate. The gas supply is isolated from
the chamber by a control valve 16. The pressure in the cham-
ber and within the gas lines is monitored through an optional
Barocel pressure sensor and readout 18, which are coupled
into the gas line. The chamber and the gas line can be evacu-
ated to a base pressure of approximately 10~ Torr. During
each experimental run the chamber is filled with either a high
purity (e.g., 99.99%) carrier gas such as He or Ar or areactive
mixture, which contains a known composition of a reactive
gas (e.g., O,) seeded within a carrier gas. For example, the
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reactive mixtures used may be oxygen in helium or oxygen in
argon. Prior to each deposition run the chamber is filled and
evacuated several times with the carrier gas to ensure removal
of any trace residual impurities from the chamber.

[0031] The energy source can be positioned external to the
chamber such that the energy beam enters the chamber
through a wall of the chamber or, alternatively, the energy
source can be positioned inside the chamber. The ejected
atoms interact with the gas mixture in the chamber. Both
diffusion and convection can aid in removal of the small
particles away from the nucleation zone (once condensed out
of'the vapor phase) before they can grow into larger particles.

[0032] The vapor canbe created in the chamber by focusing
the output of a laser such as the second harmonic of a
Q-switched Nd-YAG laser (wavelength 532 nm; 10 ns pulse
duration) onto the bulk target. Typically the laser is run at 30
Hz and delivers a power of 15-100 mJ/pulse onto the target.

[0033] Laser vaporization produces a high-density vapor
within a very short time, typically 10~% sec, in a directional jet
that allows directed deposition. The collisions between the
particles ejected from the target undergo Brownian motion
during the gas-to-particle conversion and result in the forma-
tion of composite nanoscale particles. Laser vaporization is
possible from several different targets simultaneously or a
single compound target, yielding composite nanoscale par-
ticles preferably comprising a first metal and/or a first metal
oxide incorporated in nanoscale particles of an oxide of a
second metal. Preferably, the nanoscale particles of the oxide
of the second metal have an average particle size of less than
about 100 nm, more preferably less than about 50 nm, most
preferably less than about 10 nm.

[0034] As mentioned above, a steady convection current
can be created within the chamber. The steady convection
current can be achieved in two ways; either the top plate 4 is
cooled such as by circulating liquid nitrogen and the bottom
plate 6 is kept at a higher temperature (e.g., room tempera-
ture) or the bottom plate 6 is heated such as by circulating
heating fluid or by an electrical heater and the top plate 4 is
kept at a lower temperature (e.g., room temperature). For
example, the top plate can be cooled to less than 150 K by
circulating liquid nitrogen in fluid passages in the top plate. In
either case, the top plate is kept at a temperature significantly
lower than the bottom plate, which makes the top plate the
condensation or deposition plate. Preferably the temperature
gradient between the top plate and the bottom plate is at least
about 20° C., more preferably at least 50° C. Nichrome heat-
ing wires wrapped around the glass sidewall heat the glass
sidewall can reduce deposition on the glass and also promote
a uniform temperature gradient between the two plates. The
temperatures of the plates are monitored using thermocouples
attached to each plate and connected in parallel to a Kurt
Lesker Model KJL-902056 temperature readout.

[0035] The temperature of the chamber atmosphere
decreases as the top plate is approached resulting in maxi-
mum super-saturation developing in the upper half of the
chamber. The higher the super-saturation, the smaller will be
the size of the nucleus required for condensation. Changing
the temperature gradient may enhance the super-saturation in
the chamber. Convection plays a role in diffusion of the par-
ticles out of the nucleation zone before they grow larger in
size. Convection within the chamber may be enhanced by
increasing the temperature gradient or by using a heavier
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carrier gas (argon as compared to helium). In producing com-
posite nanoscale particles, the vapor produced can be cooled
or condensed by subjecting the vapor phase to collisions with
an inert gas, reactive gas and/or the cold plate.

[0036] During laser ablation, if the density of the ablated
particles is sufficiently low, and their relative velocities suf-
ficiently high, particles (e.g., atoms, clusters and charged
particles) from the target material can travel through the gas
until they impact the surface of the cold plate or a component
of a cigarette that is positioned on the cold plate where they
can coalesce into nanoscale particles. On the other hand if the
density of the ablated particles is sufficiently high, and their
relative velocities sufficiently small, particles from the target
can aggregate in the gas phase into nanoscale particles, which
can then deposit on the cold plate or deposit on a component
of a cigarette that is positioned on the cold plate.

[0037] Without wishing to be bound by theory, at an abla-
tion pressure lower than about 10> Torr the mean free path of
ablated species is sufficiently long that ablated species arrive
at the cold plate without undergoing many gas phase colli-
sions. Thus at lower reactor pressures, ablated material can
deposit on a surface of the cold plate and diffuse and coalesce
with each other to form nanoscale particles after alighting on
the cold plate. At higher pressures, such as pressures above
about 10~ Torr, the collision frequency in the gas phase of
ablated species is significantly higher and nucleation and
growth of the ablated species to form nanoscale particles can
occur in the gas phase before alighting on the surface of the
cold plate. Thus at higher pressures ablated material can form
composite nanoscale particles in the gas phase, which can
deposit as discrete nanoscale particles.

[0038] After a typical run the chamber is brought to room
temperature and the sample is collected and stored under
atmospheric conditions. By controlling the temperature gra-
dient, the chamber pressure and the laser power (which can be
used to determine the number density of the atoms released in
the vapor phase, (e.g., on the order of 10'* atoms per pulse),
the process of condensation and consequently the size and
composition of the composite nanoscale particles can be con-
trolled.

[0039] The operating pressure in the chamber is preferably
greater than about 10~ Torr, and more preferably between
about 760 Torr and 10* Torr. The temperature gradient can be
adjusted by altering the temperatures of the top and/or bottom
plates of the chamber. The temperature of the upper plate is
preferably between about —150° C. and 30° C. The tempera-
ture of the lower plate is preferably between about 20° C. and
150° C. In order to reduce condensation on the sidewalls of
the chamber, the sidewalls can be heated, e.g., resistance
heater wires surrounding the outer periphery of the side wall
can beused to heat the side wall. It should be appreciated that
although the LVCC apparatus described above has a top plate
that is cooled relative to a bottom plate, this geometry can be
reversed (e.g., the top plate can be heated relative to the
bottom plate).

[0040] The method is preferably performed with an inert
environment of helium and/or argon at pressures higher than
atmospheric pressure in the chamber, which reduces the pos-
sibility of atmospheric contamination during the synthesis.
However, as indicated above, the reaction may also be carried
out at pressures lower than atmospheric pressure.

[0041] An added advantage of the method is the capability
of preparing selected metal and metal oxide nanoscale par-
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ticles by precisely introducing known concentrations of a
reactive (e.g., oxidizing) gas such as oxygen into the reaction
chamber. The introduction of reactive gases into the chamber
during the deposition process allows material ablated from
the target to combine with such gases to obtain compound
nanoscale particles. Thus, in reactive ablation the chamber
includes a small proportion of a reactive gas, such as air,
oxygen, water vapor, etc., which reacts with the atoms of the
target material to form nanoscale particles comprising a metal
or metal oxide. The first and second metals can comprise Mg,
Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge,Y, Zr, Nb, Mo,
Ru, Rh, Pd, Ag, Sn, Ce, Pr, La, Hf, Ta, W, Re, Os, Ir, Ptand Au.
For example, composite copper-cerium oxide nanoscale par-
ticles may be formed by ablating a copper-cerium target in
argon and oxygen. Composite copper-cerium oxide nanos-
cale particles comprise first nanoscale particles that comprise
copper (e.g., Cu, CuO and/or Cu,O) that are incorporated in
nanoscale particles of the oxide of cerium (e.g., CeO,_).

[0042] In addition to reactive ablation, composite nanos-
cale particles can be deposited via ablation from a target
comprising a corresponding compound (e.g., oxide). For
example, composite copper-cerium oxide nanoscale particles
may be formed by ablating a copper-cerium oxide target in
argon.

[0043] The microstructure of the composite nanoscale par-
ticles can be controlled using ablation. Particle density, phase
distribution and the extent and morphology of crystalline
(versus amorphous) phases can be controlled by varying, for
example, the pressure, laser energy and temperature of the
cold plate. The composition of the composite nanoscale par-
ticles, including the ratio of the first metal and/or the first
metal oxide to the oxide of the second metal, can be controlled
by controlling the composition of the target.

[0044] Advantageously, ablation allows for dry, solvent-
free, simultaneous formation and deposition of composite
nanoscale particles under sterile conditions. According to an
embodiment, the composite nanoscale particles can be used
to catalyze the conversion of carbon monoxide to carbon
dioxide in the mainstream smoke of a cigarette.

[0045] An embodiment relates to a method of making a
cigarette comprising composite nanoscale particles, compris-
ing the steps of (i) subjecting a starting material to laser
energy so as to form a vapor and condensing the vapor so as
to form the composite nanoscale particles, wherein said com-
posite nanoscale particles comprise a first metal and/or a first
metal oxide incorporated in nanoscale particles of an oxide of
a second metal, the first metal being different than the second
metal; (ii) incorporating the composite nanoscale particles in
and/or on at least one of tobacco cut filler, cigarette paper and
cigarette filter material; (iii) providing the tobacco cutfiller to
a cigarette making machine to form a tobacco column; and
(iv) placing the cigarette paper around the tobacco column to
form a tobacco rod of a cigarette.

[0046] The composite nanoscale particles, which are
capable of acting as a catalyst for the conversion of carbon
monoxide to carbon dioxide, can reduce the amount of carbon
monoxide in mainstream smoke during smoking by incorpo-
rating the composite nanoscale particles into the tobacco cut
filler, cigarette paper and/or cigarette filter material of a ciga-
rette.

[0047] Preferably, the composite nanoscale particles are
incorporated in tobacco cut filler, cigarette paper and/or ciga-
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rette filter material in an amount effective to reduce the ratio
in mainstream smoke of carbon monoxide to carbon dioxide
by at least 10% (e.g., by at least 15%, 20%, 25%, 30%, 35%,
40% or 45%).

[0048] “Smoking” of a cigarette means the heating or com-
bustion of the cigarette to form smoke, which can be drawn
through the cigarette. Generally, smoking of a cigarette
involves lighting one end of the cigarette and, while the
tobacco contained therein undergoes a combustion reaction,
drawing the cigarette smoke through the mouth end of the
cigarette. The cigarette may also be smoked by other means.
For example, the cigarette may be smoked by heating the
cigarette and/or heating using electrical heater means, as
described in commonly-assigned U.S. Pat. Nos. 6,053,176;
5,934,289, 5,591,368 or 5,322,075.

[0049] The term “mainstream” smoke refers to the mixture
of'gases passing down the tobacco rod and issuing through the
filter end, i.e. the amount of smoke issuing or drawn from the
mouth end of a cigarette during smoking of the cigarette.

[0050] In addition to the constituents in the tobacco, the
temperature and the oxygen concentration are factors affect-
ing the formation and reaction of carbon monoxide and car-
bon dioxide. The total amount of carbon monoxide formed
during smoking comes from a combination of three main
sources: thermal decomposition (about 30%), combustion
(about 36%) and reduction of carbon dioxide with carbonized
tobacco (at least 23%). Formation of carbon monoxide from
thermal decomposition, which is largely controlled by chemi-
cal kinetics, starts at a temperature of about 180° C. and
finishes at about 1050° C. Formation of carbon monoxide and
carbon dioxide during combustion is controlled largely by the
diffusion of oxygen to the surface (k,) and via a surface
reaction (k). At 250° C., k, and k,, are about the same. At
400° C., the reaction becomes diffusion controlled. Finally,
the reduction of carbon dioxide with carbonized tobacco or
charcoal occurs at temperatures around 390° C. and above.

[0051] During smoking there are three distinct regions in a
cigarette: the combustion zone, the pyrolysis/distillation
zone, and the condensation/filtration zone. While not wishing
to be bound by theory, it is believed that the composite nanos-
cale particles can target the various reactions that occur in
different regions of the cigarette during smoking.

[0052] First, the combustion zone is the burning zone of the
cigarette produced during smoking of the cigarette, usually at
the lighted end of the cigarette. The temperature in the com-
bustion zone ranges from about 700° C. to about 950° C., and
the heating rate can be as high as 500° C./second. Because
oxygen is being consumed in the combustion of tobacco to
produce carbon monoxide, carbon dioxide, water vapor and
various organic compounds, the concentration of oxygen is
low in the combustion zone. The low oxygen concentrations
coupled with the high temperature leads to the reduction of
carbon dioxide to carbon monoxide by the carbonized
tobacco. In this region, the composite nanoscale particles can
convert carbon monoxide to carbon dioxide via both catalysis
and oxidation mechanism. The combustion zone is highly
exothermic and the heat generated is carried to the pyrolysis/
distillation zone.

[0053] The pyrolysis zone is the region behind the combus-
tion zone, where the temperatures range from about 200° C. to
about 600° C. The pyrolysis zone is where most of the carbon
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monoxide is produced. The major reaction is the pyrolysis
(i.e., the thermal degradation) of the tobacco that produces
carbon monoxide, carbon dioxide, smoke components and
charcoal using the heat generated in the combustion zone.
There is some oxygen present in this region, and thus the
composite nanoscale particles may act as a catalyst for the
oxidation of carbon monoxide to carbon dioxide. The cata-
Iytic reaction begins at about 50° C. and reaches maximum
activity around 150 to 300° C.

[0054] In the condensation/filtration zone the temperature
ranges from ambient to about 150° C. The major process in
this zone is the condensation/filtration of the smoke compo-
nents. Some amount of carbon monoxide and carbon dioxide
diffuse out of the cigarette and some oxygen diffuses into the
cigarette. The partial pressure of oxygen in the condensation/
filtration zone does not generally recover to the atmospheric
level.

[0055] According to a preferred method, the composite
nanoscale particles are incorporated in tobacco cut filler,
cigarette paper and/or cigarette filter material used to form a
cigarette. Nanoscale particles are a novel class of materials
whose distinguishing feature is that their average diameter,
particle or other structural domain size is below 100 nanom-
eters. The composite nanoscale particles can have an average
particle size less than about 100 nm, preferably less than
about 50 nm, more preferably less than about 10 nm, and most
preferably less than about 7 nm. At this small scale, a variety
of confinement eftects can significantly change the properties
of the material that, in turn, can lead to commercially useful
characteristics. For example, nanoscale particles have very
high surface area to volume ratios, which makes them attrac-
tive for catalytic applications.

[0056] Cerium oxide is a preferred constituent in the com-
posite nanoscale particles because as either CeO,_, (x>0) or
doped CeO, . (x>0) cerium oxide can act both as a support in
synergy with the first metal and/or the first metal oxide and an
active metal oxide oxidation catalyst. An equilibrium
between Ce®* and Ce™ can result in an exceptionally high
oxygen storage and release capacity that enables catalytic
combustion of CO by providing oxygen directly to catalyti-
cally active sites. Also, CeQO,_, is less susceptible to deacti-
vation from water vapor and more resistant to sintering than
other oxides such as Al,O;.

[0057] The composite nanoscale particles, as described
above, may be provided continuously along the length of a
tobacco rod or at discrete locations along the length of a
tobacco rod. Furthermore, the composite nanoscale particles
may be homogeneously or inhomogeneously distributed
along the length of a tobacco rod. The composite nanoscale
particles may be added to cut filler tobacco stock supplied to
a cigarette making machine or incorporated directly in a
tobacco column prior to wrapping cigarette paper around the
cigarette column. The composite nanoscale particles may be
deposited directly on and/or incorporated in cigarette paper
before or after the cigarette paper is incorporated into a ciga-
rette.

[0058] Composite nanoscale particles will preferably be
distributed throughout the tobacco rod, cigarette filter mate-
rial and/or along the cigarette paper portions of a cigarette. By
providing the composite nanoscale particles throughout one
or more components of a cigarette it is possible to reduce the
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amount of carbon monoxide drawn through the cigarette, and
particularly at both the combustion region and in the pyrolysis
zone.

[0059] Ifthe nanoscale composite catalyst is located in the
filter element of a cigarette, the filter may be a mono filter, a
dual filter, a triple filter, a cavity filter, a recessed filter or a
free-flow filter. The nanoscale composite catalyst can be
incorporated into one or more filter parts selected from the
group consisting of: shaped paper insert, a plug, a space
between plugs, cigarette filter paper, plug wrap, a cellulose
acetate sleeve, a polypropylene sleeve, and a free-flow sleeve.

[0060] The amount of the nanoscale particles can be
selected such that the amount of carbon monoxide in main-
stream smoke is reduced during smoking of a cigarette. Pref-
erably, the amount of the nanoscale particles will be a cata-
Iytically effective amount, e.g., an amount sufficient to
catalyze at least 10% of the carbon monoxide in mainstream
smoke, more preferably at least 25%.

[0061] One embodiment provides a method for forming
composite nanoscale particles and then depositing the com-
posite nanoscale particles on and/or incorporating the com-
posite nanoscale particles in tobacco cut filler in forming a
cigarette.

[0062] Any suitable tobacco mixture may be used for the
cut filler. Examples of suitable types of tobacco materials
include flue-cured, Burley, Maryland or Oriental tobaccos,
the rare or specialty tobaccos, and blends thereof. The
tobacco material can be provided in the form of tobacco
lamina, processed tobacco materials such as volume
expanded or pufted tobacco, processed tobacco stems such as
cut-rolled or cut-puffed stems, reconstituted tobacco materi-
als, or blends thereof. The tobacco can also include tobacco
substitutes.

[0063] In cigarette manufacture, the tobacco is normally
employed in the form of cut filler, i.e., in the form of shreds or
strands cut into widths ranging from about Yo inch to about
V5o inch or even V4o inch. The lengths of the strands range
from between about 0.25 inches to about 3.0 inches. The
cigarettes may further comprise one or more flavorants or
other additives (e.g., burn additives, combustion modifying
agents, coloring agents, binders, etc.) known in the art.

[0064] A further embodiment provides a method of making
a cigarette comprising composite nanoscale particles, com-
prising the steps of (i) subjecting a starting material to laser
energy so as to form a vapor and condensing the vapor so as
to form the composite nanoscale particles, wherein said com-
posite nanoscale particles comprise a first metal and/or a first
metal oxide incorporated in nanoscale particles of an oxide of
a second metal, the first metal being different than the second
metal; (ii) incorporating the composite nanoscale particles in
at least one of tobacco cut filler, cigarette paper and cigarette
filter material; (iii) providing the tobacco cut filler to a ciga-
rette making machine to form a tobacco column; and (iv)
placing the cigarette paper around the tobacco column to form
a tobacco rod of a cigarette.

[0065] Techniques for cigarette manufacture are known in
the art. Any conventional or modified cigarette making tech-
nique may be used to incorporate the composite nanoscale
particles. The resulting cigarettes can be manufactured to any
known specifications using standard or modified cigarette
making techniques and equipment. The cut filler composition
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is optionally combined with other cigarette additives, and
provided to a cigarette making machine to produce a tobacco
column, which is then wrapped in cigarette paper, and option-
ally tipped with filters.

[0066] Cigarettes may range from about 50 mm to about
120 mm in length. The circumference is from about 15 mm to
about 30 mm in circumference, and preferably around 25
mm. The tobacco packing density is typically between the
range of about 100 mg/cm® to about 300 mg/cm>, and pref-
erably 150 mg/cm? to about 275 mg/cm?.

[0067] Composite nanoscale particles produced by LVCC
were analyzed by x-ray diffraction and transmission electron
microscopy (TEM). X-Ray diffraction (XRD) patterns were
obtained using a Philips X Pert Materials Research Diffrac-
tometer which uses Cu K, radiation. The size and shape of
the individual particles were investigated using a Jeol JEM-
200FXE transmission electron microscope operated at 200
kV, which was also equipped with a Tracor Northern 5500
EDX analysis system for compositional analysis. High reso-
Iution TEM (HRTEM) images were obtained using the Jeol-
4000EX operated at 400 kV.

[0068] Ina preferred embodiment, the method may be used
for the synthesis of composite copper-cerium oxide nanos-
cale particles. The LVCC method was used to prepare com-
posite copper-cerium oxide nanoscale particles using pressed
powder targets that were prepared using 2 micron copper
powder and 1 micron cerium oxide powder. Targets compris-
ing 2, 10, 20, 40, 50 and 70 wt. % copper in cerium oxide were
used. The compositions of the composite nanoscale particles
described herein are defined as the composition of the target
from which they are obtained. The composite copper-cerium
oxide nanoscale particles were green in color and darker with
increasing copper concentration. The composite copper-ce-
rium oxide nanoscale particles comprise copper and/or cop-
per oxide incorporated in nanoscale cerium oxide particles.
XRD scans from the 2 wt. % and 20 wt. % copper targets are
shown in FIGS. 2A-B, respectively. The XRD pattern
obtained from 10 wt. % copper-cerium oxide nanoscale par-
ticles prepared by the LVCC method is shown in FIG. 2C.

[0069] In order to compare the properties of composite
copper-cerium oxide nanoscale particles with those of nanos-
cale metal oxide particles, pure nanoscale cerium oxide par-
ticles were prepared by laser vaporization. The nanoscale
cerium oxide particles were off-white in color. FIG. 2D shows
the XRD pattern obtained from cerium oxide nanoscale par-
ticles prepared by the LVCC method using a bulk cerium
oxide target (99% pure CeO,_, pellets). The XRD data show
that the cerium oxide nanoscale particles made by LVCC have
the same crystal structure as the bulk CeO,_, pellet.

[0070] The size and shape of the individual composite
nanoscale particles were investigated by TEM. FIG. 3 shows
a TEM image of copper-cerium oxide nanoscale particles.
The 20 wt. % copper-cerium oxide particles were found to be
either spherical or oval in shape as evident from the TEM
bright field image displayed in FIG. 3. The size distribution
calculated from several TEM images indicates that the major-
ity of the 20 wt. % copper-cerium oxide particles have an
average particle size in the range of about 2-4 nm with fewer
than about 5% of the particles having an average particle size
in the range of about 20-50 nm.

[0071] FIG. 4A shows a high resolution TEM image of
composite copper-cerium oxide nanoscale particles. The par-
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ticles have a well-defined crystal structure. An energy disper-
sive x-ray (EDX) spectrum of the composite nanoscale par-
ticles is shown in FIGS. 5A-B for full-field and reduced-field
imaging. The TEM images corresponding to EDX scans are
shown in FIG. 5C. EDX spectra from both full-field and
reduced-field imaging show the presence of peaks corre-
sponding to copper, cerium and oxygen. This indicates that
copper is distributed throughout the entire sample.

[0072] High-resolution TEM of the copper-cerium oxide
nanoscale particles made by laser ablation reveals a two phase
structure. The first phase, which comprises 2-4 nm ceria
grains (e.g., cerianite) having polygonal crystal faces, is
indexed to the fluorite crystal structure. The second phase,
which comprises spheres having a diameter of from about 3 to
50 nm, is indexed to the bixbyite crystal structure. According
to electron energy loss spectra (EELS), the second phase
comprises a reduced form of ceria (oxygen-deficient ceria)
having the composition CeO,_, where x approaches 0.5 (e.g.,
x is from about 0.3 to 0.5). Energy dispersive x-ray analysis
indicates that copper is incorporated throughout both ceria
phases (e.g., in solid solution). In the polygonal crystals,
reflections consistent with hydrated copper hydroxide (e.g.,
Cu(OH),.H,0) are found. However, in only the spherical
particles of ceria, copper is found in epitaxial rims of cuprite
(Cu,O) on the spherical particles.

[0073] The activity of composite nanoscale particles was
evaluated using a continuous flow packed bed reactor. An
illustration of a packed bed reactor 60 positioned within a
programmable tube furnace 62 is shown in FIG. 6. Thermo-
couples 64 and 66 are used to monitor the temperature of the
furnace 62 and of the composite nanoscale particles within
the reactor. To evaluate the ability of the composite nanoscale
particles to reduce the concentration of carbon monoxide,
about 25 mg of the composite nanoscale particles are dusted
onto quartz wool 68 and placed in the middle of the reactor. A
filter pad 69 can be used to prevent particulate material from
entering the gas analyzer 70, which is located at a downstream
side 65 of the reactor. An input reactant gas mixture 61 com-
prising about 4% CO and 21% O, (balance Ar) is introduced
at an upstream side 63 of the reactor and is passed over the
composite nanoscale particles and through the reactor at a
flow rate of about 1 liter/min. After attaining a steady state
flow of gas, the temperature of the furnace is increased at a
heating rate of about 15° C./min. and the gas that passes over
the composite nanoscale particles and emerges from the
downstream side of the reactor (e.g., exhaust gas) is analyzed
by a NLT2000 multi-gas analyzer 70, which measures the
concentration of CO, CO, and O, in the exhaust gas.

[0074] Composite nanoscale particles having different
compositions were tested in the packed bed reactor. Further-
more, in addition to testing different compositions, sequential
test runs were conducted on a given composition. To conduct
sequential test runs, a sample is placed in the reactor as
described above and the concentration of CO, CO, and O, is
measured as a function of reactor temperature until a maxi-
mum conversion of CO to CO, is observed. Then the sample
is cooled to room temperature and the measurement is
repeated in a subsequent heating cycle. A first heating cycle is
referred to as Run A, and second and third heating cycles are
referred to as Run B, Run C, etc.

[0075] Carbon monoxide conversion data for several dif-
ferent samples of composite nanoscale particles is shown in
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Table 1. The data report the temperature at which 5% of the
carbon monoxide is converted to carbon dioxide (T5) and the
temperature at which 50% of the carbon monoxide is con-
verted to carbon dioxide (T5,). The temperature at which 5%
of the carbon monoxide is converted to carbon dioxide is
referred to as the light-off temperature.

[0076] Referring to Table 1, the light off and T, tempera-
tures decreased with increasing copper concentration over the
range of about 2-40 wt. % copper.

TABLE 1

Summary of T5 (Light-off) and Ts, Temperatures

Target Run A Run B
Sample Composition Ts Ts
# o (Wt %) (°C) Ts5(°C) (°C) Ts(°C)
0 CeO, (comparative) 300 435 225 370
1 2Cu—CeO, 125 166 86 115
2 10 Cu—CeO, 120 148 86 100
3 20 Cu—CeO, 120 150 55 85
4 40 Cu—CeO, 115 145 58 65
5 50 Cu—CeO, 140 150 70 83
6 70 Cu—CeO, 162 170 78 85
7  2CuO—CeO, 170 240 98 240
8 20 CuO—CeO, 110 148 70 85
9 20 CuO—CeOy* 80 110 80 110
10 20 CuZn—CeO, 154 173 80 95
11 10 Fe—CeO, 280 480 248 475
12 10 Ag—CeO, 160 180 75 122

[0077] The activity ofthe samples reported in Table 1 is for
composite nanoscale particles in the as-deposited condition,
except sample 9 (marked with as asterisk,*), which was
heated at 300° C. for 45 min. in 20% O,-Argon following
deposition and before introduction to the reactor (i.e., before
Run A). The heating of the composite nanoscale particles
prior to incorporating the composite nanoscale particles in
and/or on the at least one of tobacco cut filler, cigarette paper
and cigarette filter material can be used to enhance the cata-
Iytic activity of the composite nanoscale particles.

[0078] FIGS. 7A-7G show the percent CO or CO, versus
sample temperature for samples 0-6, respectively. The CO to
CO, conversion data for samples 7 and 8 are shown in FIG.
7H, and the data for samples 9-12 are shown in FIGS. 71-7L,
respectively.

[0079] Long term catalytic activity was measured using a
sample comprising about 25 mg of the 50 wt. % copper-
cerium oxide nanoscale particles dusted onto quartz wool and
positioned in the reactor as described above. After initiation
of catalytic activity at about 150° C. (Run A), the furnace
temperature was maintained at about 80° C. (Run B). Com-
plete conversion of carbon monoxide to carbon dioxide for an
input reactant gas mixture comprising about 4% CO, 21% O,,
balance Ar was observed for a period of 10 hrs. Using the
same gas mixture, greater than 90% conversion of carbon
monoxide to carbon dioxide was observed for 25 mg of 20 wt.
% copper-cerium oxide nanoscale particles heated first to
200° C. (Run A) and then maintained at 65° C. (Run B) for 5
hours.

[0080] The activity of composite copper-cerium oxide
nanoscale particles (25 mg samples) was evaluated for
tobacco smoke using the packed bed reactor described above.
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In place of the 4% CO, 21% O, (balance Ar) input gas, the
smoke from a standard cigarette that was smoked using a
conventional cigarette smoking apparatus (about 35 ml puffs
at a frequency of 1 puft/min.) was first filtered to remove
particulate matter and then entrained in nitrogen carrier gas (2
liters/min.) and passed over the heated composite nanoscale
particles. As above, the particles were heated in the reactor to
different temperatures (e.g., 120° C., 250° C., 400° C.). The
concentrations of CO and CO, in the exhaust were measured
for the several different temperatures.

[0081] In order to establish a baseline for comparison, the
concentrations of CO and CO, in the cigarette exhaust gas
were measured in the absence of composite nanoscale par-
ticles. The baseline ratio (no composite nanoscale particles
present) of CO/CO, exhausted from a reactor heated to 400°
C. was 0.48.

[0082] With a 25 mg sample of 2 wt. % copper-cerium
oxide nanoscale particles loaded in the reactor, the CO/CO,
ratiowas 0.45,0.3 and 0.1 for reactor temperatures 0f 120° C.,
250° C. and 400° C., respectively. That is, the 2 wt. % copper-
cerium oxide nanoscale particles achieved 38% and 80%
reduction in the carbon monoxide concentration at 250° C.
and 400° C., respectively.

[0083] With a 25 mg sample of 20 wt. % copper-cerium
oxide nanoscale particles loaded in the reactor, the CO/CO,
ratio was 0.34 and 0.16 for reactor temperatures of 250° C.
and 400° C., respectively. That is, the 20 wt. % copper-cerium
oxide nanoscale particles achieved 30% and 67% reduction in
the carbon monoxide concentration at 250° C. and 400° C.,
respectively.

[0084] FIG. 8 shows a TEM micrograph and electron dif-
fraction pattern (inset) for composite 50 wt. % copper-cerium
oxide nanoscale particles. The composite nanoscale particles
shown in FIG. 8 correspond to Sample 5 in Table 1 after the
completion of Run A (i.e., after heating the sample at about
200° C. in a gas mixture comprising about 4% CO and 21%
O, and balance Ar). After activation (i.., uponinitial heating),
nanoscale particles of copper oxide (CuO) were formed
within the matrix of cerium oxide. The crystal structure and
grain size of the cerium oxide are substantially unchanged by
the activation.

[0085] Temperature Programmed Reduction (TPR) was
used to investigate the reduction behavior of the composite
copper-cerium oxide nanoscale particles. Samples were
heated in a 7% H,-Ar gas mixture and H, consumption was
measured as a function of temperature. FIG. 9 shows the TPR
curves for three different compositions of copper. Each of the
three samples display two reduction peaks of H, consump-
tion, which suggests that at least two different copper species
are present in the samples.

[0086] The composite nanoscale catalysts may be used ina
variety of applications. For example, the catalyst may be
incorporated into a hydrocarbon conversion reactor in an
amount effective to convert hydrocarbons. The catalyst may
be incorporated into a vehicle exhaust emissions system in an
amount effective to oxidize carbon monoxide to carbon diox-
ide. The catalyst may also be used for emissions reduction in
the cold starting of an automobile engine in an amount effec-
tive to oxidize carbon monoxide to carbon dioxide. In another
embodiment, the catalyst may be incorporated into a laser in
an amount effective to oxidize carbon monoxide to carbon
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dioxide. In another embodiment, the catalyst can be incorpo-
rated into a fuel cell in an amount effective to oxidize carbon
monoxide to carbon dioxide. In yet another embodiment, the
catalyst can be used in an air filter for the conversion of carbon
monoxide and/or indoor volatile organic compounds.

[0087] While various embodiments have been described, it
is to be understood that variations and modifications may be
resorted to as will be apparent to those skilled in the art. Such
variations and modifications are to be considered within the
purview and scope of the claims appended hereto.

[0088] All of the above-mentioned references are herein
incorporated by reference in their entirety to the same extent
as if each individual reference was specifically and individu-
ally indicated to be incorporated herein by reference in its
entirety.

What is claimed is:

1. A method of making composite nanoscale particles com-
prising: subjecting a starting material to laser energy so as to
form a vapor and condensing the vapor so as to form the
composite nanoscale particles, wherein said composite
nanoscale particles comprise a first metal and/or a first metal
oxide incorporated in nanoscale particles of an oxide of a
second metal, the first metal being different than the second
metal.

2. The method according to claim 1, wherein at least some
of'the first metal and/or the first metal oxide is incorporated in
the lattice structure of the oxide of the second metal.

3. The method according to claim 1, wherein the starting
material comprises the first and second metals or compounds
of the first and second metals in the form of one or more
targets.

4. The method according to claim 1, wherein the starting
material comprises a single target of the first metal and oxide
of the second metal.

5. The method according to claim 1, wherein the starting
material comprises a first target of the first metal and/or first
metal oxide and a second target of the second metal and/or
oxide of the second metal.

6. The method according to claim 1, wherein the composite
nanoscale particles comprise from about 2 to 70% by weight
of the first metal and/or the first metal oxide.

7. The method according to claim 1, wherein the first and
second metals are selected from the group consisting of Mg,
Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge,Y, Zr, Nb, Mo,
Ru, Rh, Pd, Ag, Sn, Ce, Pr, La, Hf, Ta, W, Re, Os, Ir, Ptand Au.

8. The method according to claim 1, wherein the first metal
consists of copper and the oxide of the second metal consists
of cerium oxide.

9. The method according to claim 1, wherein the oxide of
the second metal is at least partially a non-stoichiometric
oxide of the second metal.

10. The method according to claim 1, wherein the compos-
ite nanoscale particles have an average particle size of less
than about 100 nm.

11. The method according to claim 1, wherein vaporization
by the laser is provided by the second harmonic of a Nd-YAG
laser at 532 nm with 15-100 mJ/pulse.

12. The method according to claim 1, wherein the vapor-
ization and condensing are carried out in a reaction chamber.

13. The method according to claim 12, wherein the reaction
chamber has an upper portion and a lower portion and
wherein the temperature maintained in the upper portion is
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less than the temperature maintained in the lower portion such
that the condensing occurs in the upper portion.

14. The method according to claim 12, further comprising
adding an inert carrier gas or a reactive gas mixture compris-
ing an inert carrier gas and a reactive gas to the reaction
chamber.

15. The method according to claim 14, wherein the inert
carrier gas is helium or argon gas.

16. The method according to claim 14, wherein the reactive
gas mixture comprises an inert carrier gas and oxygen.

17. The method according to claim 1, wherein a beam of
the laser strikes the starting material such that the beam is
moved relative to the starting material.

18. The method according to claim 1, wherein the vapor is
formed in a reaction chamber maintained at a pressure greater
than about 10~* Torr.

19. The method according to claim 1, wherein the vapor is
formed in a reaction chamber maintained at a pressure of
between about 760 to 10* Torr.

20. The method according to claim 1, wherein the vapor is
formed in a reaction chamber maintained at about atmo-
spheric pressure.

21. The method according to claim 1, wherein the condens-
ing is achieved by maintaining a temperature gradient in a
reaction chamber, the starting material being vaporized in the
reaction chamber and the vapor condensing to form the com-
posite nanoscale particles.

22. The method of claim 1, wherein the first metal and the
oxide of the second metal condense in the gas phase to form
the composite nanoscale particles.

23. The method according to claim 1, wherein the vapor is
formed in a reaction chamber containing a reactant gas
selected from oxygen, water vapor, air or mixtures thereof.

24. The method according to claim 1, further comprising
heating the composite nanoscale particles at a temperature of
at least about 200° C.

25. The method according to claim 24, wherein the com-
posite nanoscale particles are heated in an atmosphere com-
prising oxygen which oxidizes the first metal.

26. The method according to claim 24, wherein the com-
posite nanoscale particles are heated in an atmosphere com-
prising argon and about 20% oxygen which oxidizes the first
metal.

27. A method of making a cigarette comprising composite
nanoscale particles, comprising the steps of:

(1) subjecting a starting material to laser energy so as to
form a vapor and condensing the vapor so as to form the
composite nanoscale particles, wherein said composite
nanoscale particles comprise a first metal and/or a first
metal oxide incorporated in nanoscale particles of an
oxide of a second metal, the first metal being different
than the second metal;

(i1) incorporating the composite nanoscale particles in and/
or on at least one of tobacco cut filler, cigarette paper and
cigarette filter material;

(ii1) providing the tobacco cut filler to a cigarette making
machine to form a tobacco column; and

(iv) placing the cigarette paper around the tobacco column
to form a tobacco rod of a cigarette.
28. The method according to claim 27, wherein at least
some of'the first metal and/or first metal oxide is incorporated
in the lattice structure of the oxide of the second metal.
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29. The method according to claim 27, wherein the starting
material comprises the first and second metals or compounds
of the first and second metals in the form of one or more
targets.

30. The method according to claim 27, wherein the starting
material comprises as single target of the first metal and oxide
of the second metal.

31. The method according to claim 27, wherein the starting
material comprises a first target of the first metal and/or the
first metal oxide and a second target of the second metal
and/or oxide of the second metal.

32. The method according to claim 27, wherein the com-
posite nanoscale particles comprise from about 2 to 70% by
weight of the first metal and/or the first metal oxide.

33. The method according to claim 27, wherein the first and
second metals are selected from the group consisting of Mg,
Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge,Y, Zr, Nb, Mo,
Ru, Rh, Pd, Ag, Sn, Ce, Pr, La, Hf, Ta, W, Re, Os, Ir, Ptand Au.

34. The method according to claim 27, wherein the first
metal consists of copper and the oxide of the second metal
consists of cerium oxide.

35. The method according to claim 27, wherein the oxide of
the second metal is at least partially a non-stoichiometric
oxide of the second metal.

36. The method according to claim 27, wherein the com-
posite nanoscale particles have an average particle size of less
than about 100 nm.

37. The method according to claim 27, wherein vaporiza-
tion by the laser is provided by the second harmonic of a
Nd-YAG laser at 532 nm with 15-100 mJ/pulse.

38. The method according to claim 27, wherein the vapor-
ization and condensing are carried out in a reaction chamber.

39. The method according to claim 38, wherein the reaction
chamber has an upper portion and a lower portion and
wherein the temperature maintained in the upper portion is
less than the temperature maintained in the lower portion such
that the condensing occurs in the upper portion.

40. The method according to claim 38, further comprising
adding an inert carrier gas or a reactive gas mixture compris-
ing an inert carrier gas and a reactive gas to the reaction
chamber.

41. The method according to claim 40, wherein the inert
carrier gas is helium or argon gas.

42. The method according to claim 40, wherein the reactive
gas mixture comprises an inert carrier gas and oxygen.

43. The method according to claim 27, wherein a beam of
the laser strikes the starting material such that the beam is
moved relative to the starting material.

44. The method according to claim 27, wherein the vaporis
formed in a reaction chamber maintained at a pressure greater
than about 107> Torr.

45. The method according to claim 27, wherein the vaporis
formed in a reaction chamber maintained at a pressure of
between about 760 to 10* Torr.

46. The method according to claim 27, wherein the vaporis
formed in a reaction chamber maintained at about atmo-
spheric pressure.

47. The method according to claim 27, wherein the con-
densing is achieved by maintaining a temperature gradient in
a reaction chamber, the starting material being vaporized in
the reaction chamber and the vapor condensing to form the
composite nanoscale particles.
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48. The method according to claim 27, wherein the first
metal and the oxide of the second metal condense in the gas
phase to form the composite nanoscale particles.

49. The method according to claim 27, wherein the vapor is
formed in a reaction chamber containing a reactant gas
selected from oxygen, water vapor, air or mixtures thereof.

50. The method according to claim 27, further comprising
heating the composite nanoscale particles at a temperature of
at least about 200° C. prior to incorporating the composite
nanoscale particles on and/or in the at least one of tobacco cut
filler, cigarette paper and cigarette filter material.

51. The method according to claim 50, wherein the com-
posite nanoscale particles are heated in an atmosphere com-
prising oxygen which oxidizes the first metal prior to incor-
porating the composite nanoscale particles on and/or in the at
least one of tobacco cut filler, cigarette paper and cigarette
filter material.

52. The method according to claim 50, wherein the com-
posite nanoscale particles are heated in an atmosphere com-
prising argon and about 20% oxygen which oxidizes the first
metal prior to incorporating the composite nanoscale par-
ticles on and/or in the at least one of tobacco cut filler, ciga-
rette paper and cigarette filter material.

53. The method of claim 27, wherein the composite nanos-
cale particles are capable of acting as a catalyst for the con-
version of carbon monoxide to carbon dioxide.

54. The method of claim 27, wherein the composite nanos-
cale particles are incorporated in an amount effective to
reduce the ratio in mainstream smoke of carbon monoxide to
carbon dioxide by at least 10%.

55. The method of claim 27, wherein the composite nanos-
cale particles are incorporated in an amount effective to con-
vert at least 5% of the carbon monoxide to carbon dioxide at
a temperature of less than about 175° C.

56. The method of claim 27, wherein the composite nanos-
cale particles are incorporated along the length of the tobacco
rod.

57. The method of claim 27, wherein the step of incorpo-
rating includes spraying, dusting or immersion.

58. A component of a cigarette comprising composite
nanoscale particles, wherein the component is selected from
the group consisting of tobacco cut filler, cigarette paper and
cigarette filter material.

59. The cigarette component of claim 58, wherein the
composite nanoscale particles comprise from about 2 to 70%
by weight of the first metal and/or the first metal oxide.

60. The cigarette component of claim 58, wherein the first
and second metals are selected from the group consisting of
Mg, Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, Y, Zr, Nb,
Mo, Ru, Rh, Pd, Ag, Sn, Ce, Pr, La, Hf, Ta, W, Re, Os, Ir, Pt
and Au.

61. The cigarette component of claim 58, wherein the first
metal consists of copper and the oxide of the second metal
consists of cerium oxide.

62. The cigarette component of claim 58, wherein the oxide
of the second metal is at least partially a non-stoichiometric
oxide of the second metal.

63. The cigarette component of claim 58, wherein the
composite nanoscale particles have an average particle size of
less than about 100 nm.

64. A cigarette comprising a tobacco rod, cigarette paper
and an optional filter, wherein at least one of the tobacco rod,
cigarette paper and optional filter comprise composite nanos-
cale particles.
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65. The cigarette of claim 64, wherein the composite
nanoscale particles comprise from about 2 to 70% by weight
of the first metal and/or the first metal oxide.

66. The cigarette of claim 64, wherein the first and second
metals are selected from the group consisting of Mg, Al, Si,
Ti,V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge,Y, Zr, Nb, Mo, Ru, Rh,
Pd, Ag, Sn, Ce, Pr, La, Hf, Ta, W, Re, Os, Ir, Pt and Au.

67. The cigarette of claim 64, wherein the first metal con-
sists of copper and the oxide of the second metal consists of
cerium oxide.

68. The cigarette of claim 64, wherein the oxide of the
second metal is at least partially a non-stoichiometric oxide of
the second metal.
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69. The cigarette of claim 64, wherein the composite
nanoscale particles have an average particle size of less than
about 100 nm.

70. A method of oxidizing carbon monoxide to carbon
dioxide comprising contacting composite nanoscale particles
produced by the method according to claim 1 with a gas
containing carbon monoxide, the gas being selected from the
group consisting of a vehicle exhaust emission, a gas used in

alaser, a gas used in a fuel cell and ambient air undergoing air
filtration.



