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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 
a vapor and condensing the vapor so as to form the composite 
nanoscale particles, Wherein said composite nanoscale par 
ticles comprise a ?rst metal and/or a ?rst metal oxide incor 
porated in nanoscale particles of an oxide of a second metal, 
the ?rst metal being different than the second metal. The 
starting material can comprise ?rst and second metals or 
compounds of the ?rst 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 ?ller, cigarette 
paper and/or cigarette ?lter material of a cigarette to catalyZe 
the oxidation of carbon monoxide to carbon dioxide. 
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FIG. 3 
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FIG. 6 



Patent Application Publication Mar. 19, 2009 Sheet 9 0f 15 US 2009/0071489 A9 

Pure 0e02, pellets 

100 

80 

CD 0 | 

% co or 002 
A O l 

20 

.H.,....,....,....,....,...., 

O 100 200 300 400 500 600 
Sample Temperature(°C) 

FIG. 7A 
2% Cu-CeO2 pellet 

100 

90 

80 

70 

60-> 

50 

40 

30 

20 

10— ' 

o .,..W,....,....,....,... 
50 100 150 200 250 300 350 400 

Sample Temperature ( °C) 

% c0 or (:02 

‘fit 



Patent Application Publication Mar. 19, 2009 Sheet 10 0f 15 US 2009/0071489 A9 

10% Cu-Ce02 pellet 
100— 

80_ 

<5“ 
0 60-‘ g RunB&C <——RunA 

<3 40- ' 
°\ 

20 

0 .|....|.-..|..—w-*. 
50 100 150 200 

Sample Temperature (°C) 

20% Cu-CeO2 pellet 
100 

% CO or CO2 

0 50 100 150 200 250 
Sample Temperature (°C) 



Patent Application Publication Mar. 19, 2009 Sheet 11 0f 15 US 2009/0071489 A9 

40% Cu-Ce02 pellet 
100 

<—RunA 

% CO or CO2 

w J>~ 01 c» \I co (0 Q o o o o o o l l I l l l l l l I l l 1 

—* N 
O O O l l J I I 

I ' l ' I ' l ' 

100 150 ‘ 200 250 300 

Sample Temperature (°C) 

FIG. 7E 
50% Cu-CeO2 pellet 

O 01 O 

100 

% CO or CO2 01 o l 

0-]'I'I'|'I;I'|'_I'I'I'l' 
25 50 75 100 125 150 175 200 225 250 275 300 

Sample Temperature (°C) 



Patent Application Publication Mar. 19, 2009 Sheet 12 0f 15 US 2009/0071489 A9 

70% Cu-CeO2 pellet 
100 - ................ 

9o~ 

80 

7o; 
sol 
50 ' Run 5-’? Run A’ 

40- ‘ 

30 

% 00 or co2 

I I I I I I‘. I I I I l I ' T 

0 25 50 75 100 125 150 175 200 
Sample Temperature (°C) 

FIG. 76 

100 
Run B 

20% CUO 

80 _ \ Run A Run A 
I 27 C O 

20% CuO ° U 

0) O | 

A O l 

% Conversion of CO to CO2 

N O l 

O 1 

50 100 150 200 250 300 350 400 
Sample Temperature (°C) 



Patent Application Publication Mar. 19, 2009 Sheet 13 0f 15 US 2009/0071489 A9 

CuO - Ceria (20 wt%) 

100 ‘ Calcined @ 300 '0 for 45 min 
in 20 wt% oxygen 

G) O l 

CD O l 

A O l 

20 

% Conversion of CO to CO2 

I I l 

20 40 60 80 100 120140 160 180 200 
Sample Temperature (°C) 

FIG. 7| 
Brass - Ceria 

100 

N 

8 80' RunB&C 
2 ' 

O '9 \ 
2 6O‘ RunA 
O 
C 
.9 
:2 40 
G) 
> 
C 

8 
°\Q 20 

0 
,,....,....,..F1,.'..,' 
50 100 150 200 250 

Sample Temperature (°C) 



Patent Application Publication Mar. 19, 2009 Sheet 14 0f 15 US 2009/0071489 A9 

FIG. 8 



Patent Application Publication Mar. 19, 2009 Sheet 15 0f 15 US 2009/0071489 A9 

0 
"L0 
N 

O 
-O 
N 

8 
(D03 
L 

3(9' (U Q -ln<T>_ 
PQII E 

(D 
|_ 

O 
"O 
P 

LO 

('n'e) uondumsuoo 3H 



US 2009/0071489 A9 

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 ?rst metal and/or a ?rst metal 
oxide incorporated in nanoscale particles of an oxide of a 
second metal, the ?rst 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 ?rst metal and/or a ?rst metal oxide incorporated 
in nanoscale particles of an oxide of a second metal, the ?rst 
metal being different than the second metal; (ii) incorporating 
the composite nanoscale particles in and/or on at least one of 
tobacco cut ?ller, cigarette paper and cigarette ?lter material; 
(iii) providing the tobacco cut ?ller 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 ?rst and second metals or com 
pounds of the ?rst and second metals in the form of one or 
more targets. For example, the starting material can comprise 
a single target that comprises the ?rst metal and the oxide of 
the second metal, or the starting material can comprise a ?rst 
target of the ?rst metal and/or the ?rst metal oxide and a 
second target of the second metal and/ or oxide of the second 
metal. 

[0005] Preferably, at least some of the ?rst metal and/or the 
?rst 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 ?rst metal and/or the ?rst metal oxide. Exem 
plary ?rst and second metals include 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. According to a 
preferred embodiment, the ?rst 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 out in 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 104 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 2000 C. such as in an atmo 
sphere comprising oxygen (e.g., an atmosphere comprising 
argon and about 20% oxygen) Which can oxidiZe the ?rst 
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 ?ller, cigarette paper and cigarette 
?lter 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 shoWs a TEM image for composite 20: 80 (Wt. 
%) copperzcerium 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. %) copperzcerium 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 
CO2 versus sample temperature for composite copperzcerium 
oxide nanoscale particles having different amounts of copper. 

[0019] FIG. 8 shoWs a TEM and electron diffraction image 
for a 50:50 (Wt. %) copperzcerium oxide sample after heating 
the sample to about 2000 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 ?ller, 
cigarette paper and/or cigarette ?lter 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 ?rst metal and/or a ?rst metal 
oxide incorporated in nanoscale particles of an oxide of a 
second metal, the ?rst metal being different than the second 
metal. 

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

[0024] According to a preferred embodiment, the ?rst 
metal and/or the ?rst 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] In an ablative 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 signi?cant 
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 HeiNe 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-de?ned 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 
modi?ed 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 ?lled 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 104 Torr). Details 
of suitable diffusion cloud chambers can be found in The 
Journal ofChemical 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 pres sure 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 10-3 Torr. During 
each experimental run the chamber is ?lled With either a high 
purity (e.g., 99.99%) carrier gas such as He orAr or a reactive 
mixture, Which contains a knoWn composition of a reactive 
gas (e.g., O2) 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 ?lled 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 10-8 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 ?rst metal and/ or a ?rst 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 ?uid 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 ?uid passages in the top plate. In 
either case, the top plate is kept at a temperature signi?cantly 
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 suf?ciently loW, and their relative velocities suf 
?ciently 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 suf?ciently high, and their 
relative velocities suf?ciently 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 pres sure loWer than about 10-3 Torr the mean free path of 
ablated species is suf?ciently 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 10-3 Torr, the collision frequency in the gas phase of 
ablated species is signi?cantly 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 1014 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 10'3 Torr, and more preferably betWeen 
about 760 Torr and 104 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 —l50° 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 be used 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 ?rst 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, Pt andAu. 
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 ?rst nanoscale particles that comprise 
copper (e.g., Cu, CuO and/or Cu2O) that are incorporated in 
nanoscale particles of the oxide of cerium (e.g., CeO2_X). 

[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 ?rst metal and/or the ?rst 
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 ?rst metal and/or a ?rst 
metal oxide incorporated in nanoscale particles of an oxide of 
a second metal, the ?rst metal being different than the second 
metal; (ii) incorporating the composite nanoscale particles in 
and/ or on at least one of tobacco cut ?ller, cigarette paper and 
cigarette ?lter material; (iii) providing the tobacco cut ?ller 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 
?ller, cigarette paper and/ or cigarette ?lter material of a ciga 
rette. 

[0047] Preferably, the composite nanoscale particles are 
incorporated in tobacco cut ?ller, cigarette paper and/or ciga 
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rette ?lter 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 US. 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 
?lter 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 
?nishes at about 1050° C. Formation of carbon monoxide and 
carbon dioxide during combustion is controlled largely by the 
diffusion of oxygen to the surface (ka) and via a surface 
reaction (kb). At 2500 C., ka and kb, are about the same. At 
4000 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/ ?ltration 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 














