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(57) ABSTRACT 

Smoking article components, cigarettes, methods for mak 
ing cigarettes and methods for Smoking cigarettes are pro 
Vided that use transition metal oxide clusters capable of 
catalyzing and/or oxidizing the conversion of carbon mon 
oxide to carbon dioxide and/or adsorbing carbon monoxide. 
Cut filler compositions, cigarette paper and cigarette filter 
material can comprise transition metal oxide clusters. 
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REDUCTION OF CARBON MONOXDE IN 
SMOKING ARTICLES USING TRANSTION 

METAL OXDE CLUSTERS 

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 
desirable. 

0002 Despite the developments to date, there remains an 
interest in improved and more efficient methods and com 
positions for reducing the amount of carbon monoxide in the 
mainstream Smoke of a cigarette during Smoking. 

SUMMARY 

0.003 Disclosed is a component of a smoking article 
comprising clusters of transition metal oxides, wherein the 
component is Selected from the group consisting of tobacco 
cut filler, cigarette paper and cigarette filter material. Also 
disclosed is 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 
clusters of transition metal oxides. 

0004. The transition metal oxide clusters can comprise 
one or more oxides of the group of transition metals con 
Sisting of Scandium, titanium, Vanadium, chromium, man 
ganese, iron, cobalt, nickel, copper and mixtures thereof. 
Preferably the transition metal oxide clusters consist of 
oxygen and the transition metal. Preferred oxide clusters are 
Fe2O and Fe2O. 
0005 The clusters are capable of catalyzing and/or oxi 
dizing the conversion of carbon monoxide to carbon dioxide 
and/or adsorbing carbon monoxide. For example, the clus 
ters are capable of catalyzing and/or oxidizing the conver 
Sion of carbon monoxide by donating oxygen atoms to the 
carbon monoxide, wherein the clusters have the general 
formula M.O. (y>x). Also, the clusters are capable of 
catalyzing and/or oxidizing the conversion of carbon mon 
oxide in the presence of an external Source of oxygen, 
wherein the clusters have the general formula M.O. (ysx). 
0006 The clusters can be incorporated into a smoking 
article component and/or into a cigarette in an amount 
effective to reduce the ratio in mainstream Smoke of carbon 
monoxide to total particulate matter by at least about 10%. 
0007. The clusters can have a mean particle size of less 
than about 2 nm or less than about 1 nm, and can comprise 
fewer than about 2,500 atoms or fewer than about 1,000 
atoms. In an embodiment the clusters are charge neutral. 
0008. The clusters can be supported on Support particles. 
The Support particles can be Selected from the group con 
Sisting of Silica gel beads, activated carbon, molecular 
Sieves, magnesia, alumina, Silica, titania, Zirconia, iron 
oxide, cobalt oxide, nickel oxide, copper oxide, yttria 
optionally doped with Zirconium, manganese oxide option 
ally doped with palladium, ceria and mixtures thereof. 
Preferred Support particles comprise nanoscale particles. 
0009. Also provided is a method for incorporating tran 
Sition metal oxide clusters in and/or on a component of a 
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Smoking article comprising (i) Supporting the component in 
a chamber having a target; (ii) bombarding the target with 
energetic ions to form transition metal oxide clusters, and 
(iii) depositing the transition metal oxide clusters on a 
Surface of the component in order to incorporate the tran 
Sition metal oxide clusters in and/or on the component, 
wherein the component is Selected from the group consisting 
of tobacco cut filler, cigarette paper and cigarette filter 
material. 

0010 Supported transition metal oxide clusters can be 
formed by bombarding a target comprising at least first and 
Second transition metal elements. Transition metal oxide 
clusters comprising the first metallic element can be formed 
that are Supported on Support particles comprising the Sec 
ond metallic element. The Supported transition metal oxide 
clusters can be collected and incorporated in and/or on a 
component of a Smoking article or the Supported transition 
metal oxide clusters can be formed and directly incorporated 
in and/or on a component of a Smoking article that is 
provided within the chamber during the bombardment. 
0011. The chamber can comprise a vacuum chamber and 
the pressure inside the chamber during the bombarding can 
be greater than about 1x10" Torr. In an embodiment, the 
preSSure inside the chamber is about atmospheric pressure. 
During the bombarding of the target the atmosphere in the 
chamber can comprise an inert gas or an oxidizing gas. For 
example, the atmosphere can comprise argon and/or an 
oxidizing gas Such as Oxygen. In addition to oxygen, Suitable 
oxidizing gases include CO, CO., NO, HO or mixtures 
thereof. 

0012. The component can be supported during the bom 
bardment on a Substrate holder having a temperature of from 
about -196° C. to 100° C. The component can be supported 
at a distance of from about 2 to 20 cm from the target. 
0013 In a preferred embodiment the target is bombarded 
with a laser to produce the transition metal oxide clusters. In 
a further embodiment, the target is Subjected to radio fre 
quency Sputtering or magnetron Sputtering to produce the 
transition metal oxide clusters. The clusters preferably form 
in the gas phase. 
0014) A further preferred embodiment provides a method 
of making a cigarette, comprising (i) incorporating transition 
metal oxide clusters in and/or on a component of a cigarette 
Selected from the group consisting of tobacco cut filler, 
cigarette paper and cigarette filter material; (ii) providing the 
tobacco cut filler to a cigarette making machine to form a 
tobacco column; (iii) placing the cigarette paper around the 
tobacco column to form a tobacco rod of a cigarette, and (iv) 
optionally tipping the tobacco rod with a cigarette filter 
comprising the cigarette filter material. 

0015. An additional embodiment relates to a method for 
incorporating transition metal oxide clusters in and/or on a 
component of a Smoking article comprising Spraying, dust 
ing and/or mixing the transition metal oxide clusters with the 
component. 

0016 A method of Smoking a cigarette is provided com 
prising lighting the cigarette to form Smoke and drawing the 
Smoke through the cigarette, wherein during the Smoking of 
the cigarette, transition metal oxide clusters adsorb carbon 
dioxide and/or convert carbon monoxide to carbon dioxide 
Via Oxidation and/or catalysis. During the Smoking of the 
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cigarette the oxidation State of the transition metal oxide 
clusters can continuously change. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1A is an illustration of the ground state 
geometry of an Fe2O cluster. 
0018 FIG. 1B is an illustration of the ground state 
geometry of an Fe2O-CO cluster. 
0.019 FIG. 2A is an illustration of the ground state 
geometry of an Fe2O cluster. 
0020 FIG. 2B is an illustration of the ground state 
geometry of an Fe2O-CO complex. 
0021 FIG. 3 is an illustration of a sputter deposition 
apparatuS. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

002.2 Smoking article components (e.g., tobacco cut 
filler, cigarette paper and cigarette filter material), Smoking 
articles (e.g., cigarettes), methods for making cigarettes and 
methods for Smoking cigarettes are provided that use tran 
Sition metal oxide clusters. The transition metal oxide clus 
ters, which are incorporated in and/or on the Smoking article 
component(s), can adsorb carbon monoxide and/or convert 
carbon monoxide to carbon dioxide. 

0023 Transition metal oxide clusters can be represented 
by the general formula MO, (x>0; y>0) where M represents 
at least one transition metal Selected from the group con 
sisting of Sc, Ti, V, Cr, Mn, Fe, Co, Ni and Cu, and O is 
oxygen. A cluster can be characterized as an assembly of 
atoms that are bonded together. Transition metal oxide 
clusters comprise from four to a few thousand atoms. For 
example, the clusters can comprise fewer than about 2,500 
atoms, e.g., fewer than about 2,000; 1,500; 1,000; 750; 500; 
250; 100; 50 or 10 atoms. Transition metal oxide clusters 
have an average particle size of less than about 3 nm, e.g., 
less than about 2.5, 2 or 1.5 nm. 
0024. Transition metal oxide clusters can comprise one or 
more different transition metal elements. The metallic ele 
ments can comprise the same or different oxidation States. 
Thus, mixed transition metal oxide clusters can comprise 
different chemical entities (e.g., a mixture of Fe2O clusters 
and CuO clusters) or different forms of the same metal oxide 
(e.g., a mixture of Fe2O and Fe2O clusters). 
0.025. Without wishing to be bound by theory, transition 
metal oxide clusters can enhance the conversion of carbon 
monoxide to carbon dioxide on account of their high Surface 
area to Volume ratio, flexible geometric Structure and mul 
tiplicity of oxidation States. Transition metal oxide clusters 
may affect charge distribution and the breaking of localized 
bonds in both carbon monoxide and oxygen. 
0026. Transition metal oxide clusters can facilitate the 
conversion of carbon monoxide to carbon dioxide in either 
the absence or presence of an external Source of oxygen. An 
external Source of oxygen is oxygen from the gas phase. An 
internal Source of oxygen is oxygen from the Solid State, i.e., 
from the cluster lattice. For instance, transition metal oxide 
clusters of the type M.O. (y>x) can enhance the conversion 
of carbon monoxide to carbon dioxide in an oxygen-poor 
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environment by donating oxygen atoms from the cluster 
lattice to the carbon monoxide. The cluster is an oxidant 
(i.e., the cluster is itself reduced) when the cluster donates a 
lattice oxygen from the cluster to a carbon monoxide mol 
ecule. In a further example, transition metal oxide clusters of 
the type M.O. (ysx) can enhance the conversion of carbon 
monoxide to carbon dioxide in the presence of an external 
Source of oxygen. In the presence of oxygen it is believed 
that the conversion of carbon monoxide proceeds via CO 
adsorption and Subsequent oxidation. 

0027. A transition metal oxide cluster having the formula 
M.O. (y>x) is referred to as an oxygen-rich or Type A 
cluster. Examples of Type A clusters in the iron oxide System 
include Fe2O3, Fe3Os, Fe, O, Fe Os, FesO, FesO7, Fe0s, 
Fe, Oo and FesOo. A Schematic illustration of the ground 
state geometry of an FeO cluster is shown in FIG. 1A. The 
ground State geometry of a Fe2O cluster is a distorted 
triangular bipyramid. 

0028. Type A clusters such as Fe2O can undergo a 
geometric distortion upon initial adsorption of a CO mol 
ecule. This distortion can occur in the presence of an 
external Source of oxygen. The ground State geometry of a 
distorted FeO-CO cluster is shown in FIG. 1B. The 
distortion involves the breaking of a metal-oxygen bond via 
the adsorption of a CO molecule. The metal-oxygen bond 
Scission creates an unsaturated oxygen atom in a favorable 
path of access for a Subsequent CO molecule. The Subse 
quent CO molecule can be oxidized by the unsaturated 
oxygen atom. The FeO cluster can oxidize CO to CO by 
donating a lattice oxygen from the cluster. Thus, in the 
reaction between a Type A cluster and CO the Type A cluster 
can be reduced to form a Type B cluster. 

0029. A transition metal oxide cluster having the formula 
M.O. (ysx) is referred to as an oxygen-poor or Type B 
cluster. Examples of Type B clusters in the iron oxide System 
include Fe2O, Fe2O, FeO2, FeO, Fe O, Fe O, FesO, 
FesOs. A Schematic illustration of the ground State geometry 
of a Fe O. cluster is shown in FIG. 2A. The ground state 
geometry of a Fe2O cluster is a distorted rhombus. In the 
presence of an external Source of oxygen, Type B clusters 
Such as Fe2O can adsorb CO molecules and, Via the 
formation of a CO intermediate, desorb a CO molecule. 
The structure of a Type B (Fe2O) cluster complexed with 
CO, is shown in FIG.2B. The oxidation of CO by Fe.O. can 
form Fe2O according to the general equation FeO2+3CO+ 
2O->FeO+3CO. Thus, the reaction between a Type B 
cluster and CO can oxidize the Type B cluster to form a Type 
A cluster. The initial CO adsorption by a Type A cluster can 
form active catalytic Sites within the cluster that can be 
continuously regenerated to Sustain catalytic conversion 
and/or oxidation of carbon monoxide. Furthermore, in the 
absence of an external Source of oxygen Type B clusters can 
adsorb a CO molecule. 

0030. While not wishing to be bound by theory, it is 
believed that oxygen atoms and electron transfer processes 
are involved in the oxidation reactions and that the transition 
metal oxide clusters can provide Suitable Surface Sites for the 
chemisorption of carbon monoxide and may activate oxygen 
and/or facilitate atomic and electronic transferS. Thus, tran 
Sition metal oxide clusters can Serve as an oxygen activation 
and exchange medium during the catalysis and/or oxidation 
of carbon monoxide to carbon dioxide. 
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0.031 Transition metal oxide clusters such as iron oxide 
clusters can be incorporated into Smoking articles Such as 
cigarettes in order to reduce the concentration of carbon 
dioxide in the mainstream Smoke of the Smoking article. 
Aspects of incorporating transition metal oxide clusters into 
Smoking article components are described below. 
0.032 “Smoking” of a cigarette means the heating or 
combustion of the cigarette to form Smoke, which can be 
drawn through the cigarette. Generally, Smoking of a ciga 
rette 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. 
0033. 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. The mainstream Smoke contains Smoke that is 
drawn in through both the lighted region, as well as through 
the cigarette paper Wrapper. 

0034. 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 
carbon dioxide. The total amount of carbon monoxide 
formed during Smoking comes from a combination of three 
main Sources: thermal decomposition (about 30%), combus 
tion (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 chemical 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 about 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. 

0035) While not wishing to be bound by theory, it is 
believed that the transition metal oxide clusters can target 
the various reactions that occur in different regions of the 
cigarette during Smoking. During Smoking there are three 
distinct regions in a cigarette: the combustion Zone, the 
pyrolysis/distillation Zone, and the condensation/filtration 
ZOC. 

0.036 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 combustion 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 com 
bustion 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 tempera 
ture leads to the reduction of carbon dioxide to carbon 
monoxide by the carbonized tobacco. In this region, the 
transition metal oxide clusters can convert carbon monoxide 
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to carbon dioxide via both catalysis and oxidation mecha 
nisms. The combustion Zone is highly exothermic and the 
heat generated is carried to the pyrolysis/distillation Zone. 
0037. The pyrolysis Zone is the region behind the com 
bustion Zone, where the temperatures range from about 200 
C. to about 600 C. The pyrolysis Zone is where most of the 
carbon monoxide is produced. The major reaction is the 
pyrolysis (i.e., thermal degradation) of the tobacco that 
produces carbon monoxide, carbon dioxide, Smoke compo 
nents, charcoal and/or carbon using the heat generated in the 
combustion Zone. There is Some oxygen present in this 
region, and thus the transition metal oxide clusters may act 
as a catalyst and/or oxidant for the conversion of carbon 
monoxide to carbon dioxide. The catalytic reaction begins at 
150 C. and reaches maximum activity around 300° C. In the 
pyrolysis Zone the transition metal oxide clusters can adsorb 
carbon monoxide. 

0038. Third, there is the condensation/filtration Zone, 
where the temperature ranges from ambient to about 150 C. 
The major proceSS in this Zone is the condensation/filtration 
of the Smoke components. Some amount of carbon monox 
ide 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 gener 
ally recover to the atmospheric level. In the condensation/ 
filtration Zone carbon monoxide can be adsorbed by transi 
tion metal oxide clusters. 

0039 The transition metal oxide clusters may function as 
an adsorbent, catalyst and/or oxidant, depending upon the 
reaction conditions. Preferably, the clusters are capable of 
adsorbing carbon monoxide and catalyzing and/or oxidizing 
the conversion of carbon monoxide to carbon dioxide. 

0040. A catalyst is capable of affecting the rate of a 
chemical reaction, e.g., increasing the rate of oxidation of 
carbon monoxide to carbon dioxide without participating as 
a reactant or product of the reaction. An oxidant is capable 
of oxidizing a reactant, e.g., by donating Oxygen to the 
reactant, Such that the oxidant itself is reduced. An adsorbent 
is a Substance that causes passing molecules or ions to 
adhere to its Surface. 

0041 Transition metal oxide clusters, and optionally 
mixtures of different transition metal oxide clusters, can 
adsorb CO and catalyze and/or oxidize the conversion of CO 
to CO in the same Zone of a cigarette or in different Zones 
of a cigarette. For example, FeO clusters can be incorpo 
rated throughout a cigarette rod and/or throughout cigarette 
paper. As a further example, a mixture of different clusters 
(e.g., Fe2O and Fe2O) clusters can be incorporated 
throughout a cigarette rod and/or throughout cigarette paper. 
The FeO clusters can oxidize CO by donating an oxygen 
atom to CO and the Fe-C) clusters can oxidize CO in the 
presence of an external Source of oxygen. AS noted above, 
the reaction between Type A clusters and CO can form Type 
B clusters, and the reaction between Type B clusters and CO 
can form Type A clusters. Thus, the conversion reactions can 
be self-Sustaining. Throughout the conversion process the 
oxidation State of clusters participating in the conversion 
reactions can change continuously (e.g., a cluster can first be 
reduced, then oxidized, then reduced, etc., or a cluster can 
first be oxidized, then reduced, then oxidized, etc.). 
0042. In a preferred embodiment, the transition metal 
oxide clusters are provided in and/or on a Support and 
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Supported transition metal oxide clusters are incorporated in 
and/or on a Smoking article component. The Support may 
include Substantially any material that does not destroy the 
adsorptive, catalytic and/or oxidative properties of the tran 
Sition metal oxide clusters. 

0043. The Support can comprise inorganic oxide particles 
Such as Silica gel beads, molecular Sieves, magnesia, alu 
mina, Silica, titania, Zirconia, iron oxide, cobalt oxide, nickel 
oxide, copper oxide, yttria optionally doped with Zirconium, 
manganese oxide optionally doped with palladium, ceria and 
mixtures thereof. The Support, if used, is not particularly 
restricted and Such conventional inorganic oxide Supports 
Such as Silica and alumina, and a carbon Support can be used 
without limitation. The Support can comprise activated car 
bon particles, such as PICA carbon (PICA Carbon, Leval 
lois, France). The Support particles are preferably charac 
terized by a BET surface area greater than about 20 m/g, 
e.g., 50 m/g to 2,500 m/g, optionally with pores having a 
pore size greater than about 3 Angstroms, e.g., 10 Angstroms 
to 10 microns. 

0044) The Support can comprise porous or non-porous 
particles. Pores with diameters less than 20 nm are com 
monly known as micropores, in activated carbon these 
micropores generally contain the largest portion of the 
carbon's Surface area. Pores with diameters between 20 and 
500 nm are known as mesopores, and pores with diameters 
greater than 500 nm are defined as macropores. The transi 
tion metal oxide clusters can be Supported on an external 
surface of the support or within the channels and pores of a 
porous Support Such as porous ceramic materials. For 
example, the Support can comprise porous granules and 
beads, which may or may not comprise interconnected 
passages that extend from one Surface of the Support to 
another. 

0.045. A support can act as a separator, which can inhibit 
diffusion, agglomeration or Sintering together of the transi 
tion metal oxide clusters before or during combustion of the 
cut filler and/or cigarette paper. Because a Support can 
minimize cluster Sintering, it can minimize the loSS of active 
Surface area of the transition metal oxide clusters. The 
transition metal oxide clusters can be chemically or physi 
cally bonded to the Support. 
0.046 Exemplary classes of porous ceramic materials that 
can be used as a Support include molecular Sieves Such as 
natural or Synthetic Zeolites, microporous aluminum phos 
phates, Silicoaluminum phosphates, Silicoferrates, Silicobo 
rates, Silicotitanates, magnesium aluminate Spinels, Zinc 
aluminates and mixtures thereof. 

0047. An example of a porous support is silica gel beads. 
Fuji-Silysia (Nakamura-ka, Japan) markets Silica gel beads 
that range in Size from about 5 to 30 microns and have a 
range of average pore diameters of from about 2.5 nm to 100 
nm. The Surface area of the Silica gel beads ranges from 
about 30-800 m/g. 
0.048. The support can comprise nanoscale particles. 
NanoScale particles are a class of materials whose distin 
guishing feature is that their average diameter, particle or 
other structural domain size is below about 500 nanometers. 
NanoScale Support 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. The Support may comprise 
catalytically active particles. 
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0049. An example of a non-porous support is nanoscale 
iron oxide particles. For instance, MACHI, Inc., King of 
Prussia, Pa. Sells Fe2O nanoscale particles under the trade 
names NANOCATE) Superfine Iron Oxide (SFIO) and 
NANOCAT(R) Magnetic Iron Oxide. The NANOCATE) 
Superfine Iron Oxide is amorphous ferric oxide in the form 
of a free flowing powder, with a particle size of about 3 nm, 
a specific Surface area of about 250 m/g, and a bulk density 
of about 0.05 g/ml. The NANOCATE) Superfine Iron Oxide 
is Synthesized by a vapor-phase process, which renders it 
free of impurities, and is Suitable for use in food, drugs, and 
cosmetics. The NANOCATOR Magnetic Iron Oxide is a free 
flowing powder with a particle size of about 25 nm and a 
surface area of about 40 m/g. NANOCATE Superfine Iron 
Oxide (SFIO) and NANOCATE Magnetic Iron Oxide are 
preferred Support particles for the transition metal oxide 
clusters. 

0050 Transition metal oxide clusters can be supported 
directly or indirectly by one or more different types of 
Supports. For example, transition metal oxide clusters can be 
Supported on nanoscale particles that can in turn be Sup 
ported on larger Support particles Such as molecular Sieves. 
The molecular Sieves can act as a Separator, which can 
inhibit agglomeration or Sintering together of the nanoscale 
particles before or during combustion of the cut filler. 
Sintering of the nanoscale particles may elongate the com 
bustion Zone during combustion of the tobacco cut filler, 
which can result in exceSS carbon monoxide production. 
0051 Preferably, the selection of appropriate transition 
metal oxide clusters and optional Support material(s) will 
take into account Such factors as Stability and preservation of 
activity during Storage conditions, low cost and abundance 
of Supply. 
0052 Transition metal oxide clusters may be incorpo 
rated in and/or on a Support by various methods Such 
impregnation or physical admixture. For example, the tran 
Sition metal oxide clusters may be dispersed in a liquid, and 
a Support may be mixed with the liquid having the dispersed 
transition metal oxide clusters. Transition metal oxide clus 
ters dispersed in a liquid can be combined with a Support 
using techniqueS Such as Spraying or dipping. After com 
bining the Support with the dispersed clusters, the liquid can 
be removed Such as by evaporation So that the clusters 
remain on the Support. The liquid may be Substantially 
removed by heating the cluster-Support mixture at a tem 
perature higher than the boiling point of the liquid or by 
reducing the pressure of the atmosphere Surrounding the 
cluster-Support-mixture. 
0053 Substantially dry transition metal oxide clusters 
can be admixed with a Support by dusting or via physical 
admixture. The transition metal oxide clusters can be chemi 
cally or physically bonded to an exposed Surface of a Support 
(e.g., an external Surface of the Support and/or a Surface with 
a pore of cavity of the Support). 
0054) A preferred support for transition metal oxide clus 
terS is iron oxide particles. Iron oxide particle Supported 
transition metal oxide clusters can be produced by physi 
cally admixing transition metal oxide clusters with iron 
oxide particles Such as nanoscale iron oxide particles either 
in the presence or absence of a liquid. 
0055. In general, transition metal oxide clusters and a 
Support can be combined in any Suitable ratio to give a 
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desired loading of transition metal oxide clusters on the 
Support. Transition metal oxide clusters and Support par 
ticles can be combined, for example, to produce from about 
0.1 to 25% wt.%, e.g., at least 2 wt.%, at least 5 wt.%, at 
least 10 wt.% or at least 15 wt.% clusters on the support 
particles. 

0056 Supported or unsupported transition metal oxide 
clusters can be distributed either homogeneously or inho 
mogeneously along the cigarette paper and/or throughout the 
tobacco cut filler or cigarette filter material of a cigarette. 
For example, the transition metal oxide clusters can be 
incorporated along the entire length of a tobacco rod or the 
transition metal oxide clusters can be located at discrete 
locations along the length of a tobacco rod. By providing the 
transition metal oxide clusterS along the cigarette paper 
and/or throughout the tobacco cut filler or cigarette filter 
material, it is possible to reduce the amount of carbon 
monoxide drawn through the cigarette, and particularly in 
both the combustion region and in the pyrolysis Zone. The 
transition metal oxide clusters can be incorporated into the 
filter material used to form a cigarette filter. The transition 
metal oxide clusters are capable of adsorbing carbon mon 
oxide and/or capable of acting as an oxidant for the con 
version of carbon monoxide to carbon dioxide and/or as a 
catalyst for the conversion of carbon monoxide to carbon 
dioxide. 

0057 The transition metal oxide clusters, as described 
above, may be provided along the length of a tobacco rod by 
distributing the clusters on, or incorporating them into loose 
cut filler tobacco using any Suitable method. The clusters 
may also be added to the cut filler tobacco Stock Supplied to 
a cigarette making machine or added to a tobacco column 
prior to wrapping cigarette paper around the tobacco col 
U. 

0.058. The supported or unsupported clusters may be 
provided in the form of a dry powder, as a dispersion in a 
liquid or as a paste. Supported or unsupported clusters in the 
form of a dry powder can be dusted on or combined with the 
cut filler tobacco, cigarette paper or filter material. For 
example, clusters can be added to the paper Stock of a 
cigarette paper making machine. Clusters can be incorpo 
rated into cigarette paper and/or into the raw materials used 
to make cigarette paper. The transition metal oxide clusters 
may be present in the form of a dispersion and Sprayed on 
the cut filler tobacco, cigarette paper and/or cigarette filter 
material. The tobacco cut filler, cigarette paper or cigarette 
filter material may be rinsed or dip-coated with a liquid 
containing the clusters. 
0059. The amount of the transition metal oxide clusters 
incorporated into a Smoking article can be selected Such that 
the amount of carbon monoxide in mainstream Smoke is 
reduced during Smoking of a cigarette. 
0060 According to an embodiment, supported or unsup 
ported transition metal oxide clusters can be prepared and 
then incorporated into a component of a Smoking article. 
According to a further embodiment, a method is provided 
for forming and depositing transition metal oxide clusters 
directly on Smoking article components Such as tobacco cut 
filler, cigarette paper and cigarette filter materials. 
0061 A preferred method of forming transition metal 
oxide clusters is physical vapor deposition (PVD). Physical 
Vapor deposition can be used to form unsupported or Sup 
ported transition metal oxide clusters. AS a non-limiting 
example, transition metal oxide clusters can be formed by 
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PVD, optionally combined with a support, and then incor 
porated in and/or on a Smoking article component. AS a 
further example, Supported transition metal oxide clusters 
can be formed by PVD and then incorporated in and/or on 
a Smoking article component. According to an embodiment, 
Supported or unsupported transition metal oxide clusters can 
be formed and deposited in Situ directly on a Smoking article 
component by physical vapor deposition. The method com 
prises the steps of (i) Supporting the component in a chamber 
having a target; (ii) bombarding the target with energetic 
ions to form transition metal oxide clusters; and (iii) depos 
iting the transition metal oxide clusters on a Surface of the 
component in order to incorporate the transition metal oxide 
clusters in and/or on the component. 
0062 Physical vapor deposition includes sputter deposi 
tion and laser ablation of a target material. With PVD 
processes, material from a Source (or target) is removed 
from the target by physical erosion by ion bombardment and 
deposited on a Surface of a Substrate. The target is formed of 
(or coated with) a consumable material to be removed and 
deposited, i.e., target material. The target material may be 
any Suitable precursor material with a preferred form being 
Solid or powder materials composed of pure materials or a 
mixture of materials. Such materials are preferably Solids at 
room temperature and/or not Susceptible to chemical deg 
radation Such as Oxidation in air. 

0063 Sputtering is conventionally implemented by cre 
ating a glow discharge plasma over the Surface of the target 
material in a controlled pressure gas atmosphere. Energetic 
ions from the Sputtering gas, usually a chemically inert noble 
gas Such as argon, are accelerated by an electric field to 
bombard and eject atoms from the Surface of the target 
material. By energetic ions is meant ions having Sufficient 
energy to cause Sputtering of the target material. The amount 
of energy required will vary depending on process variables 
Such as the temperature of the target material, the preSSure 
of the atmosphere Surrounding the target material, and 
material properties Such as the thermal and optical properties 
of the target material. 
0064. If the density of the ejected atoms is sufficiently 
low, and their relative Velocities Sufficiently high, atoms 
from the target material travel through the gas until they 
impact the Surface of the Substrate where they can coalesce 
into transition metal oxide clusters. If the density of the 
ejected atoms is Sufficiently high, and their relative Veloci 
ties Sufficiently Small, individual atoms from the target can 
aggregate in the gas phase into transition metal oxide 
clusters, which can then deposit on the Substrate. 
0065. Without wishing to be bound by theory, at a sput 
tering pressure lower than about 10 Torr the mean free 
path of Sputtered species is Sufficiently long that Sputter 
Species arrive at the Substrate without undergoing many gas 
phase collisions. Thus, at lower pressures, Sputtered material 
can deposit on the Substrate as individual Species, which 
may diffuse and coalesce with each other to form transition 
metal oxide clusters after alighting on the Substrate Surface. 
At a higher pressures, Such as pressures above about 10" 
Torr, the collision frequency in the gas phase of Sputtered 
Species is significantly higher and nucleation and growth of 
the Sputtered species to form transition metal oxide clusters 
can occur in the gas phase before alighting on the Substrate 
Surface. Thus, at higher pressures, Sputtered material can 
form transition metal oxide clusters in the gas phase, which 
can deposit on the Substrate as discrete transition metal 
oxide clusters. Sputtered species, which can form a vapor, 
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can be cooled via interaction with gases present within the 
chamber. Clusters form and can grow while losing heat to 
the Surrounding gas and the walls of the chamber. 
0.066 There are several different types of apparatus that 
can be used to generate a glow discharge plasma for Sput 
tering. In a DC diode System, there are two electrodes. A 
positively charged anode Supports the Substrate and a nega 
tively charged cathode comprises the target material. In the 
DC diode System, Sputtering of the target is achieved by 
applying a DC potential acroSS the two electrodes. 
0067. In a radio-frequency (RF) sputtering system, an AC 
voltage (rather than a DC voltage) is applied to the elec 
trodes. Advantageously, an RF Sputtering System can be 
used to Sputter materials that form an insulating layer Such 
as an insulating native oxide. In both DC and RF Sputtering, 
most Secondary electrons emitted from the target do not 
cause ionization events with the Sputter gas but instead are 
collected at the anode. Because many electrons pass through 
the discharge region without creating ions, the Sputtering 
rate of the target is lower than if more electrons were 
involved in ionizing collisions. 
0068 One known way to improve the efficiency of glow 
discharge Sputtering is to use magnetic fields to confine 
electrons to the glow region in the vicinity of the cathode/ 
target Surface. This process is termed magnetron Sputtering. 
The addition of Such magnetic fields increases the rate of 
ionization. In magnetron Sputtering Systems, deposition 
rates greater than those achieved with DC and RF sputtering 
Systems can be achieved by using magnetic fields to confine 
the electrons near the target Surface. 
0069. A method of forming and depositing transition 
metal oxide clusters via Sputtering is provided in conjunc 
tion with the exemplary Sputtering apparatus depicted in 
FIG. 3. Apparatus 20 includes a sputtering chamber 21 
having an optional throttle valve 22 that Separates the 
chamber 21 from an optional vacuum pump (not shown). A 
pressed powder target 23 Such as an iron oxide target is 
mounted in chamber 21. Optional magnets 24 are located on 
the backside of target 23 to enhance plasma density during 
Sputtering. The Sputtering target 23 is electrically isolated 
from the housing 29 and electrically connected to a RF 
power Supply 25 through an impedance matching device 26. 
A Substrate 27 can be mounted on a Substrate holder 28, 
which is electrically isolated from the housing 29 by a 
dielectric spacer 30. The housing 29 is maintained at a 
Selected temperature Such as room temperature. The Sub 
Strate holder 28 can be RF biased for plasma cleaning using 
an RF power Supply 31 connected through an impedance 
matching device 32. The substrate holder 28 can also be 
provided with rotation capability 33. 

0070 Referring still to FIG. 3, the reactor chamber 21 
contains conduits 34 and 35 for introducing various gases. 
For example, argon could be introduced through conduit 34 
and, optionally, Oxygen through conduit 35. Gases are 
introduced into the chamber by first passing them through 
Separate flow controllers to provide a total pressure of argon 
and oxygen in the chamber of greater than about 10 Torr. 
0071. In order to obtain a reactive sputtering plasma of 
the gas mixture, an RF power density of from about 0.01 to 
10 W/cm can be applied to the target 23 throughout the 
deposition proceSS. PreSSure in the chamber during physical 
vapor deposition can be between about 10"Torr to 760 Torr. 
The Substrate temperature can be between about -196° C. 
and 100° C. A temperature gradient can be maintained 

Aug. 4, 2005 

between the target and the Substrate during the deposition by 
flowing a cooling liquid Such as chilled water or liquid 
nitrogen through the Substrate Support. 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 Sidewall can be used to heat the 
sidewall. 

0072 Transition metal oxide clusters can be formed and 
collected on a Substrate 27, and then incorporated into a 
Smoking article component Such as tobacco cut filler, ciga 
rette paper or tobacco filter material as described above. 
Alternatively, the Substrate can comprise a component of a 
Smoking article and the transition metal oxide clusters can 
be formed and Simultaneously incorporated in and/or on the 
Smoking article component. 
0073 AS is well known in the art, energetic ions can also 
be provided in the form of an ion beam from an accelerator, 
ion Separator or an ion gun. An ion beam may comprise inert 
gas ions Such as neon, argon, krypton or Xenon. Argon is 
preferred because it can provide a good Sputter yield and is 
relatively inexpensive. The energy of the bombarding inert 
gas ion beam can be varied, but should be chosen to provide 
a Sufficient Sputtering yield. The ion beam can be Scanned 
acroSS the Surface of the target material in order to improve 
the uniformity of target wear. 
0074 The introduction of reactive gases into the chamber 
during the deposition proceSS allows material Sputtered or 
ablated from the target to combine with Such gases to obtain 
transition metal oxide clusters. Thus, in reactive PVD the 
Sputtering gas includes a Small proportion of an oxidizing 
gas, Such as CO, CO., NO, O, water vapor and mixtures 
thereof, which react with the atoms of the target material to 
form metal oxide clusters. For example, iron oxide clusters 
can be deposited by Sputtering an iron target in the presence 
of oxygen. Transition metal oxide clusters can be deposited 
on a Substrate via the Sputtering of the corresponding oxide 
target. For example, iron oxide clusters may be deposited by 
Sputtering an iron oxide target. 
0075. The structure and composition of the transition 
metal oxide clusters can be controlled using physical vapor 
deposition. The particle size, ground State geometry and 
metal to oxygen ratio can be controlled by varying, for 
example, the deposition preSSure, ion energy and Substrate 
temperature. 

0076 According to an embodiment, transition metal 
oxide clusters and Support particles are formed Simulta 
neously to produce Supported transition metal oxide clusters. 
Supported transition metal oxide clusters can be formed by 
Sputtering or ablating a mixed or composite target. Such a 
target comprises at least first and Second transition metal 
elements. A Suitable target can comprise, for example, iron 
oxide and copper oxide in the form of a pressed pellet, which 
can be Sputtered or ablated to form iron oxide clusters 
Supported on Support particles comprising copper oxide. 
0077. A preferred example of PVD is laser ablation. An 
apparatus for ablative processing includes a chamber in 
which a target material is placed. Typically, the chamber 
includes two horizontal metal plates Separated by an insu 
lating Sidewall. An external energy Source, Such as a pulsed 
excimer laser, enters the chamber through a window, pref 
erably quartz, and interacts with the target. Alternatively, the 
energy Source can be internal, i.e., positioned inside the 
chamber. 

0078 Preferably a temperature gradient is maintained 
between the top and bottom plates, which can create a Steady 
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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., above about 1x10 
Torr). The steady convection current can be achieved in two 
ways, either the bottom plate is cooled Such as by circulating 
liquid nitrogen and the top plate is kept at a higher tem 
perature (e.g., room temperature) or the top plate is heated 
Such as by circulating heating fluid and the bottom plate is 
kept at a lower temperature (e.g., room temperature). In 
either case, the bottom plate is kept at a temperature Sig 
nificantly lower than the top plate, which makes the bottom 
plate the condensation or deposition plate. Preferably a 
temperature gradient of at least 20° C., more preferably at 
least 50 C., is maintained between the top plate and the 
bottom during the deposition. Convection with the chamber 
may be enhanced by increasing the temperature gradient or 
by using a heavier carrier gas (e.g., argon as compared to 
helium). Details of a suitable chamber 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 incorpo 
rated by reference. 
0079. In an ablative process, a region of the target 
absorbs incident energy from the energy Source. This 
absorption and Subsequent heating of the target causes target 
material to ablate from the Surface of the target into a plume 
of atomic and nanometer-Scale particles. Laser energy pref 
erably vaporizes the target directly, without the target mate 
rial undergoing Significant liquid phase transformations. 
Laser vaporization produces a high-density vapor within a 
very short time, typically 10 sec, in a directional jet that 
allows directed deposition. The particles ejected from the 
target undergo Brownian motion during the gas-to-cluster 
conversion. The ablated Species, which are cooled by the 
carrier gas, can reach a high degree of SuperSaturation and 
can condense to form transition metal oxide clusters. The 
higher the SuperSaturation, the Smaller will be the Size of the 
nucleus required for condensation in the gas phase. Chang 
ing the temperature gradient may enhance the SuperSatura 
tion in the chamber. The ablated Species can condense in the 
gas phase and/or after alighting on the Surface of a Substrate. 
Clusters having different Stoichiometries (e.g., different 
metal/oxygen ratios) can be obtained under different abla 
tion conditions. 

0080 Clusters of metal oxides can be prepared by laser 
ablation of metal or metal oxide targets into a carrier gas 
flow in the presence of an optional oxidizer gas. The reaction 
chamber is connected to a gas Supply. The carrier gas can 
comprise an inert gas Such as He, Ar or mixtures thereof. The 
optional oxidizer gas can comprise an OXygen-containing 
gas such as CO, CO., NO, O, HO or mixtures thereof. 
0081. In an embodiment, transition metal oxide clusters 
may be formed by a physical vapor deposition process Such 
as laser ablation, collected, and incorporated into a compo 
nent of a Smoking article. In another embodiment, transition 
metal oxide clusters may be simultaneously formed and 
incorporated in and/or on a component of a Smoking article 
using a physical vapor deposition process Such as laser 
ablation. Advantageously, ablation Such as laser ablation can 
be performed at or above atmospheric preSSure without the 
need for vacuum equipment. Thus, the transition metal oxide 
clusters may be Simultaneously formed and deposited on a 
component of a Smoking article that is maintained at ambi 
ent temperature and atmospheric pressure during the depo 
Sition proceSS. The Smoking article material may be Sup 
ported on a Substrate holder or, because a laser ablation 
proceSS can be carried out at atmospheric pressure, passed 
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through the coating chamber on a moving Substrate holder 
Such as a conveyor belt operated continuously or discon 
tinuously to incorporate the desired amount of deposited 
transition metal oxide clusters in and/or on the Smoking 
article component. 
0082 Lasers include, but are not limited to, Nd-YAG 
lasers, ion lasers, diode array lasers and pulsed excimer 
lasers. Laser energy may be provided by the Second har 
monic of a pulsed Nd-YAG laser at 532 nm with 15-40 
mJ/pulse. In a preferred embodiment, the vapor can be 
generated in the chamber by pulsed laser vaporization using 
the second harmonic (532 nm) (optionally combined with 
the fundamental (1064 nm)) of a Nd-YAG laser (50-100 
mJ/pulse, 10 second pulse). The laser beam can be scanned 
acroSS the Surface of the target material in order to improve 
the uniformity of target wear by erosion. 
0083. As discussed above, with sputtering a substrate is 
typically placed proximate to the cathode. With Sputtering 
and ablative processes, the Substrate is preferably placed 
within Sputtering proximity of the target, Such that it is in the 
path of the Sputtered or ablated target atoms and the target 
material is deposited on the Surface of the Substrate. 
0084. By regulating the deposition parameters, including 
background gas, preSSure, Substrate temperature and time, it 
is possible to prepare cigarette components Such as tobacco 
cut filler, cigarette paper and/or cigarette filter material that 
comprise a loading and distribution of Supported or unsup 
ported transition metal oxide clusters effective to reduce the 
amount of carbon monoxide in mainstream Smoke. 

0085 Preferably, the amount of the clusters will be a 
catalytically effective amount. Preferably, the transition 
metal oxide clusters are incorporated in a cigarette in an 
amount effective to reduce the ratio in mainstream Smoke of 
carbon monoxide to total particulate matter (e.g., tar) by at 
least 10% (e.g., by at least 15%, 20%, 25%, 30%, 35%, 40% 
or 45%). Preferably, the transition metal oxide clusters 
comprise less than about 10% by weight of the Smoking 
article component, more preferably less than about 5% by 
weight of the Smoking article component. Preferably, the 
transition metal oxide clusters comprise less than about 10% 
by weight of the cigarette, more preferably less than about 
5% by weight of the cigarette. 
0086. When forming and depositing transition metal 
oxide clusters directly on a Smoking article component, the 
PVD process is stopped when there is still exposed surface 
of the Smoking article component. That is, the PVD method 
does not build up a continuous layer but rather forms 
discrete clusters that are distributed over the component 
Surface. During the process, new clusters can form and 
existing clusters can grow. Advantageously, physical vapor 
deposition allows for dry, Solvent-free, Simultaneous forma 
tion and deposition of transition metal oxide clusters under 
Sterile conditions. 

0087. One embodiment provides tobacco cut filler, ciga 
rette paper or cigarette filter material that comprise transition 
metal oxide clusters. 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 puffed tobacco, processed tobacco StemS Such 
as cut-rolled or cut-puffed Stems, reconstituted tobacco 
materials, or blends thereof. The tobacco can also include 
tobacco Substitutes. 
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0088 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 /10 inch to 
about 1/20 inch or even /40 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 modi 
fying agents, coloring agents, binders, etc.) known in the art. 
0089. A further embodiment provides a cigarette com 
prising a tobacco rod, cigarette paper and an optional filter, 
wherein at least one of the tobacco rod, cigarette paper and 
optional filter comprise clusters of transition metal oxides. A 
Still further embodiment relates to a method of making a 
cigarette, wherein the transition metal oxide clusters are 
incorporated in and/or on at least one of tobacco cut filler 
and cigarette paper, which are provided to a cigarette making 
machine and formed into a cigarette. The cigarette may 
comprise an optional filter that comprises transition metal 
oxide clusters. 

0090 Techniques for cigarette manufacture are known in 
the art. Any conventional or modified cigarette making 
technique may be used to incorporate the clusters. The 
resulting cigarettes can be manufactured to any known 
Specifications using Standard or modified cigarette making 
techniques and equipment. Typically, the cut filler compo 
Sition 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 to 
form a tobacco rod which is cut into Sections, and optionally 
tipped with filters. Transition metal oxide clusters incorpo 
rated into cigarette filter material can adsorb carbon mon 
oxide. 

0.091 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 
preferably 150 mg/cm to about 275 mg/cm. 
0092. 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. 
0.093 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 indi 
vidually indicated to be incorporated herein by reference in 
its entirety. 

What is claimed is: 
1. A component of a Smoking article comprising clusters 

of transition metal oxides, wherein the component is 
Selected from the group consisting of tobacco cut filler, 
cigarette paper and cigarette filter material. 

2. The Smoking article component of claim 1, wherein the 
transition metal is Selected from the group consisting of 
Scandium, titanium, Vanadium, chromium, manganese, iron, 
cobalt, nickel, copper and mixtures thereof. 

3. The Smoking article component of claim 1, wherein the 
clusters consist of an oxide of a transition metal Selected 
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from the group consisting of Scandium, titanium, Vanadium, 
chromium, manganese, iron, cobalt, nickel, copper and 
mixtures thereof. 

4. The Smoking article component of claim 1, wherein the 
clusters comprise FeO and Fe2O. 

5. The Smoking article component of claim 1, wherein the 
clusters are capable of catalyzing and/or oxidizing the 
conversion of carbon monoxide to carbon dioxide and/or 
adsorbing carbon monoxide. 

6. The Smoking article component of claim 1, wherein the 
clusters are capable of catalyzing and/or oxidizing the 
conversion of carbon monoxide by donating oxygen atoms 
to the carbon monoxide, wherein the clusters have the 
general formula M.O. (y>x). 

7. The Smoking article component of claim 1, wherein the 
clusters are capable of catalyzing and/or oxidizing the 
conversion of carbon monoxide in the presence of an 
external Source of oxygen, wherein the clusters have the 
general formula M.O. (ysx). 

8. The Smoking article component of claim 1, wherein the 
clusters are present in an amount effective to reduce the ratio 
in mainstream Smoke of carbon monoxide to total particulate 
matter by at least about 10%. 

9. The Smoking article component of claim 1, wherein the 
clusters have a mean particle size of less than about 2 nm or 
less than about 1 nm. 

10. The Smoking article component of claim 1, wherein 
the clusters comprise fewer than about 2,500 atoms or fewer 
than about 1,000 atoms. 

11. The Smoking article component of claim 1, wherein 
the clusters are charge neutral. 

12. The Smoking article component of claim 1, wherein 
the clusters are Supported on Support particles. 

13. The Smoking article component of claim 12, wherein 
the Support particles are Selected from the group consisting 
of Silica gel beads, activated carbon, molecular Sieves, 
magnesia, alumina, Silica, titania, Zirconia, iron oxide, cobalt 
oxide, nickel oxide, copper oxide, yttria optionally doped 
with Zirconium, manganese oxide optionally doped with 
palladium, ceria and mixtures thereof. 

14. The Smoking article component of claim 12, wherein 
the Support particles comprise nanoscale particles. 

15. The Smoking article component of claim 12, wherein 
the clusters comprise less than about 10 wt.% of the Support 
particles. 

16. The Smoking article component of claim 1, wherein 
the clusters comprise less than about 10 wt. % of the 
component. 

17. 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 clusters of 
transition metal oxides. 

18. The cigarette of claim 17, wherein the transition metal 
is Selected from the group consisting of Scandium, titanium, 
Vanadium, chromium, manganese, iron, cobalt, nickel, cop 
per and mixtures thereof. 

19. The cigarette of claim 17, wherein the clusters consist 
of an oxide of a transition metal Selected from the group 
consisting of Scandium, titanium, Vanadium, chromium, 
manganese, iron, cobalt, nickel, copper and mixtures 
thereof. 

20. The cigarette of claim 17, wherein the clusters com 
prise Fe2O and Fe2O. 
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21. The cigarette of claim 17, wherein the clusters are 
capable of catalyzing and/or oxidizing the conversion of 
carbon monoxide to carbon dioxide and/or adsorbing carbon 
monoxide. 

22. The cigarette of claim 17, wherein the clusters are 
capable of catalyzing and/or oxidizing the conversion of 
carbon monoxide by donating oxygen atoms to the carbon 
monoxide, wherein the clusters have the general formula 
MO, (y>x). 

23. The cigarette of claim 17, wherein the clusters are 
capable of catalyzing and/or oxidizing the conversion of 
carbon monoxide in the presence of an external Source of 
oxygen, wherein the clusters have the general formula M.O. 
(ysX). 

24. The cigarette of claim 17, wherein the clusters are 
present in an amount effective to reduce the ratio in main 
Stream Smoke of carbon monoxide to total particulate matter 
by at least about 10%. 

25. The cigarette of claim 17, wherein the clusters have a 
mean diameter of less than about 2 nm or less than about 1 

. 

26. The cigarette of claim 17, wherein the clusters com 
prise fewer than about 2,500 atoms or fewer than about 
1,000 atoms. 

27. The cigarette of claim 17, wherein the clusters are 
charge neutral. 

28. The cigarette of claim 17, wherein the clusters are 
Supported on Support particles. 

29. The cigarette of claim 28, wherein the Support par 
ticles are Selected from the group consisting of Silica gel 
beads, activated carbon, molecular Sieves, magnesia, alu 
mina, Silica, titania, Zirconia, iron oxide, cobalt oxide, nickel 
oxide, copper oxide, yttria optionally doped with Zirconium, 
manganese oxide optionally doped with palladium, ceria and 
mixtures thereof. 

30. The cigarette of claim 28, wherein the support par 
ticles comprise nanoscale particles. 

31. The cigarette of claim 28, wherein the clusters com 
prise less than about 50 wt.% of the Support particles. 

32. The cigarette of claim 17, wherein the clusters com 
prise less than about 10 wt.% of the cigarette. 

33. The cigarette of claim 17, wherein the clusters com 
prise less than about 10 wt.% of the tobacco rod, cigarette 
paper or filter. 

34. A method for incorporating transition metal oxide 
clusters in and/or on a component of a cigarette comprising: 

Supporting the component in a chamber having a target; 
bombarding the target with energetic ions to form tran 

Sition metal oxide clusters, and 

depositing the transition metal oxide clusters on a Surface 
of the component in order to incorporate the transition 
metal oxide clusters in and/or on the component, 
wherein the component is Selected from the group 
consisting of tobacco cut filler, cigarette paper and 
cigarette filter material. 

35. The method of claim 34, comprising forming transi 
tion metal oxide clusters comprising a transition metal 
Selected from the group consisting of Scandium, titanium, 
Vanadium, chromium, manganese, iron, cobalt, nickel, cop 
per and mixtures thereof. 

36. The method of claim 34, wherein the chamber is a 
Vacuum chamber. 
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37. The method of claim 34, comprising bombarding the 
target in an inert atmosphere or an oxidizing atmosphere. 

38. The method of claim 34, comprising bombarding the 
target in an atmosphere comprising argon and oxygen. 

39. The method of claim 34, comprising bombarding the 
target in an oxidizing atmosphere comprising CO, CO2, NO, 
O, HO or mixtures thereof. 

40. The method of claim 34, comprising bombarding the 
target at a pressure of greater than about 1x10" Torr. 

41. The method of claim 34, comprising bombarding the 
target at a preSSure of about atmospheric pressure. 

42. The method of claim 34, further comprising Support 
ing the component on a Substrate holder having a tempera 
ture during the deposition of from about -196° C. to 100 
C. 

43. The method of claim 34, comprising Supporting the 
component at a distance of from about 2 to 20 cm from the 
target. 

44. The method of claim 34, comprising bombarding the 
target with a laser. 

45. The method of claim 34, comprising bombarding the 
target using radio frequency Sputtering or magnetron Sput 
tering. 

46. The method of claim 34, comprising forming the 
transition metal oxide clusters in the gas phase. 

47. The method of claim 34, comprising incorporating the 
transition metal oxide clusters in an amount effective to 
reduce the ratio in mainstream Smoke of carbon monoxide to 
total particulate matter by at least about 10%. 

48. The method of claim 34, comprising incorporating 
less than about 10 wt.% transition metal oxide clusters in 
and/or on the component. 

49. The method of claim 34, comprising incorporating 
transition metal oxide clusters having a mean particle size of 
less than about 2 nm or less than about 1 nm. 

50. The method of claim 34, comprising bombarding a 
target comprising at least first and Second transition metal 
elements in order to form transition metal oxide clusters 
comprising a first metallic element Supported on Support 
particles comprising a Second metallic element and depos 
iting the Supported transition metal oxide clusters directly on 
a Surface of a component. 

51. A method of making a cigarette, comprising: 

(i) incorporating transition metal oxide clusters in and/or 
on a component of a cigarette Selected from the group 
consisting of tobacco cut filler, cigarette paper and 
cigarette filter material; 

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

(iii) placing the cigarette paper around the tobacco col 
umn to form a tobacco rod of a cigarette, and 

(iv) optionally tipping the tobacco rod with a cigarette 
filter comprising the cigarette filter material. 

52. The method of claim 51, comprising incorporating the 
transition metal oxide clusters in and/or on the component 
Via Spraying or dusting. 

53. The method of claim 51, comprising incorporating the 
transition metal oxide clusters directly in and/or on the 
component via physical vapor deposition. 

54. The method of claim 51, wherein the transition metal 
oxide clusters comprise at least on transition metal Selected 
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from the group consisting of Scandium, titanium, Vanadium, 
chromium, manganese, iron, cobalt, nickel, copper and 
mixtures thereof. 

55. The method of claim 51, comprising forming the 
transition metal oxide clusters in the gas phase. 

56. The method of claim 51, comprising incorporating the 
transition metal oxide clusters in an amount effective to 
reduce the ratio in mainstream Smoke of carbon monoxide to 
total particulate matter by at least about 10%. 

57. The method of claim 51, comprising incorporating 
less than about 10 wt. 76 of the transition metal oxide 
clusters in and/or on the component. 

58. The method of claim 51, wherein the transition metal 
oxide clusters have a mean particle size of less than about 2 
nm or less than about 1 nm. 

59. The method of claim 51, comprising bombarding a 
target comprising at least first and Second transition metal 
elements in order to form the transition metal oxide clusters 
Such that the first transition metal element is Supported on 
Support particles comprising the Second transition metal 
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element and depositing the Supported transition metal oxide 
clusters directly on a Surface of the component. 

60. A method for incorporating transition metal oxide 
clusters in and/or on a component of a Smoking article 
comprising Spraying, dusting and/or mixing the transition 
metal oxide clusters with the component, wherein the com 
ponent is Selected from the group consisting of tobacco cut 
filler, cigarette paper and cigarette filter material. 

61. A method of Smoking the cigarette of claim 17, 
comprising lighting the cigarette to form Smoke and drawing 
the Smoke through the cigarette, wherein during the Smoking 
of the cigarette, the transition metal oxide clusters adsorb 
carbon dioxide and/or convert carbon monoxide to carbon 
dioxide. 

62. The method of claim 61, wherein during the Smoking 
of the cigarette the oxidation State of the transition metal 
oxide clusters continuously changes. 


