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Background of the Invention

5 The present invention relates generally to a composition
which is activated by electromagnetic energy to provide
controlled sustained generation and release of at least one
gas. | The invention particularly relates to a composition
including an energy-activated catalyst and anions capable of

10 being oxidized by the activated catalyst surface or subsequent

| ‘reactlion product to generate a gas, for retarding,
controlling, killing or preventing microbiological
contamination (é.g., bacteria, fungi, viruses, mold spores,
algae, and protozda), decdorizing, enhancing freshness, aﬁd/or

15 retarding, preventing, inhibiting, or controlling chemotaxis
by release of a gas or a combination of gases, such as
chlorihe dioxide, sulfur dioxide, nitrogen dioxide, nitric
oxide, nitrous oxide, carbon dioxide, hydrogen sulfide,
hydrocyanic acid, dichlorine monoxide, chlorine, or ozone.

20 Photocatalysts are generally used to catalyze oxidation
and reduction reactions, such as the degradation of organic
compounds which contaminate air or water. When exposed to
ultraviolet radiation in the presence of a semiconductor,
water, oxygen and hydroxide anions can be converted to

25 peroxide anions and hydroxyl radicals. These species can
further react with an organic compound that ultimately forms
carbon dioxide and water. Carbon dioxide is generated by the
decomposition of organic matter, not by the oxidation of
anions.

30 A photocatalyst increases the production of hydroxyl
radicals to catalyze decomposition of the organic éompounds.
When| a photon is absorbed by a semiconductor photocatalyst, an
electron is promoted from the valence band to the conduction
band, producing a valence band hole. The hole and the

35 electron diffuse to the surface of the photocatalyst particle
where each may chemically react. Valence band holes either
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| U.S. Patent No. 5,501,801 (methods for photocatalytic

id with a photocatalyst-coated surface to decompose the
10 contaminants); Tanaka et al., U.S. Patent No. 5,658,841

15 are used to remove organic contaminants from air, water or a

surface coated with the composition); Watanabe et al., U.S.

20 and Linkous, U.S. Patent No. 5,880,067 (photocatalysts for

contaminants, such as algae, fungi or bacteria, in air or a

d that contacts the surface).

25 Photocatalysts have also been used in electrochemical

electrical current. 1Inoue et al., “Competitive

osensitized Oxidation at TiO, Photocanode,” Chemistry
rs, 1073-1076 (1977) describe photoelectrochemical

30 oxidation of halide ions, such as chloride anions, in an

electrolyte solution.

Chlorine dioxide and other biocidal gases have also been
generated and released through the use of an activator that
provides hydronium ions which then react with a precursor to

35 form the gas. Ripley et al., U.S. Patent No. 5,736,165
describe two component systems including a liguid component
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~ine dioxide or another gas in use.
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in anions that react with hydronium ions to generate and

Such compositions need to be protected from
ure during production, storage and shipment to prevent
ture gas generation and release.

There is a need for an inert composition that can be

y activated to initiate generation and release of

A composition that,

except for the anions therein for generating the gas, is

compd

vsed of and reacts to provide residues composed of only

substances usable in foods, or those generally recognized as

, safe
25 packa

appl:

or inert substances, is particularly needed for food

aging, modified atmosphere packaging, and other
ications where the substances can be ingested by or in

contact with humans.

Although the Wellinghoff et al.

moisture-activated compositions are effective biocides and

deodorants,
readily manufactured, easily activated and deactivated to

30

there is a need for compositions that are more

provide more control or flexibility for controlled sustained

generation and release of a gas, and easily transported and

stored prior to use without the need for avoiding exposure to

atmo

35 that

spheric moisture.

There is also a need for a composition
can generation and release a gas when completely

encapsulated in a hydrophobic material.
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further react with an organic conpound that ultimately formsr
di oxi de wajoveatzsr . Car bon di oxide is generated by the dec %ﬁ, z,

organic matter, not by the oxidation of anio s. 30 A photocatal yst

i ncreases the production of hydroxyl radicals to catalyze deconposition of
the organi ¢ conpounds. Wien a photon s absorbed by a sem conduct or
phot ocat al st, an electron is prompted fromthe val ence band to the

- @nval ence band hol e. The hol e and the 35
el ectron di
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protozoa and viruses; the provision of a composition that

generates and releases a concentration of a gas that retards,
prevents, inhibits, or controls biochemical decomposition,
controls respiration, retards, prevents, inhibits, or controls
10 chemotaxis, enhances freshness or deodorizes; the provision of
such|a composition that generates and releases such gas
concentrations after photoactivation for a period of up to o
several months; the provision of such a composition that is
easily stored and is unaffected by atmospheric moisture; the
15 provision of such a composition that begins to release a gas
under controlled or sustained conditions within seconds,
minutes, hours, days, weeks or months after being activated by
electromagnetic energy; the provision of such a composition
that| can be deactivated to suspend gas generation and later
20 reactivated to again generate a gas; the provision of such a
composition having greater gas release efficiency compared to
known compositions; the provision of such a composition that,
except for the anions therein for generating the biocidal gas,
only| contains substances approved for human exposure; the
25 provision of such a composition that is odorless; the -
provision of a powder that is free-flowing and can be easily
blended with other ingredients prior to application; the
provision of a powder that can penetrate porous surfaces; the
provision of a process for preparing a composition which
30 requires few reactions or physical processes to provide
controlled sustained generation and release of chlorine
dioxide or other biocidal gases; the provision of such a
process which allows for elevated temperature processing and
application of the composition without thermal decomposition
35 thereof; the provision of such a process which utilizes

relatively inexpensive starting materials to minimize
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composition for electromagnetic energy-controlled generation
and release of at least one gas, which includes an energy-
activated catalyst capable of being activated by
electromagnetic energy, and anions capable of being oxidized
20 or reacted to generate at least one gas selected from the
group consisting of chlorine dioxide, sulfur dioxide, hydrogen
sulfide, dichlorine monoxide, hydrocyanic acid, nitrogen
dioxide and nitric oxide. The composition, when exposed to
electromagnetic energy, is capable of generating and releasing
25 the gas after activation of the catalyst and oxidation or
reaction of the anions. Preferably, the anions are chlorite
anions.
The present invention is also directed to a powder for
controlled sustained generation and release of at least one
30 gas, wherein the powder includes a core containing an energy-
activated catalyst capable of being activated by
electromagnetic energy, and particles or a layer on a surface
of the core. The particles or the layer contain anions
capable of being oxidized or reacted to generate at least one
35 gas. The powder, when exposed to electromagnetic energy, is

capable of generating and releasing the gas after activation
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chlorite, %nd an activator conponent,

such as a transition '-ngtNgY Q00%cCi d.
The conp¥RSHEY7are separated until

use to prevent premat wErisnoregodon of
chl orine dioxide. Wien the 5 conponents are conbi ned, the hydroniumions
react withithe chlorine dioxide precursor to formchlorine dioxide.
Conpositions that are noisture activaged to generate and rel ease chlorine
di oxi de gas or other gases are described by Wllinghoff et al. in U S
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The invention is also directed to a method of retarding,
ng, preventing or controlling microbiological

mination on a surface of a material, within the material

| or in the atmosphere surrounding the material, by placing a

25

30

matex

ial adjacent to a composition that does not generate and

release a biocidal gas in the absence of electromagnetic
enerdgy, and exposing the composition to electromagnetic energy
to generate and release at least one biocidal gas from the
composition into the atmosphere surrounding the material.

Another embodiment of the invention is directed to a

method of retarding, preventing, inhibiting or controlling

biochemical decomposition on a surface of a material or within

the material by placing the material adjacent to a composition

that

does not generate and release a biochemical

decomposition-inhibiting gas in the absence of electromagnetic

35

energy, and exposing the composition to electromagnetic energy

to generate and release at least one biochemical
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Another embodiment of the invention is directed to method

ocid

gases rovi sion of such a rocess

tarding, preventing, inhibiting, or controlling

tactic attraction of an organism to a material, by

ing a material adjacent to a composition that does not

ate and release an odor-masking gas or an odor-

alizing gas in the absence of electromagnetic energy, and
ing the composition to electromagnetic energy to generate
elease at least one odor-masking gas or odor-neutralizing
rom the composition into the atmosphere surrounding the
ial.

The invention is also directed to a method of retarding,
nting or controlling biological contamination of an

atmosphere by exposing the composition to electromagnetic

energy to generate and release at least one decontaminating

gas

from the composition into the atmosphere surrounding the

composition.

35

Yet another embodiment of the invention is directed to a

method of retarding, killing, preventing, or controlling
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di oxi de releasing conpositions. 5 The present invention is dtrgy
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exposed {o GhIhASTRIREH CtoL el S kBRI 91 SSIELALLG, and el easi ng
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galro § ioggggel e 55. %gy%agenw NgaS QN aiHY W yas e nd S  y&par ed by
and a barrier layer. The gas-generating layer includes an
energy-activated catalyst capable of being activated by
electromagnetic energy and anions capable of being oxidized or

20 reacted to generate at least one gas. The barrier layer is
adjacent to a surface of the gas generating layer, is capable

ransmitting electromagnetic energy to the gas generating
layer and is impermeable or semipermeable to the gas. . The gas
generating layer, when exposed to electromagnetic energy is ;

25 capable of generating and releasing the gas after activation '[}
of the catalyst and oxidation or reaction of the anions.

Another embodiment of the invention is directed to a

comppsition for electromagnetic energy-contrclled and

moisture-controlled generation and release of at least one

gas. The composition includes an energy-activated catalyst

capable of being activated by electromagnetic enérgy; anions

capable of reacting with a protic species generated during

activation of the catalyst or oxidizing to generate at least

one gas; an acid releasing agent; and anions capable of

reacting with hydronium ions to generate at least one gas.

The composition, when exposed to electromagnetic energy and
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5 of adm xiing an energy-activated catal yst and particles r&m& mani ons
that are capabl e of being oxidized or reacted to generate "at S ne gas
with a ¥ 7% o forma suspension, and form ng a powdePCTUSA9/143e4
suspensi on., The powder, when exposed to el ectromagnetic energy, is capable
of 10 generating and rel easing the gas after activation of the catalyst
and oxi dation or reaction of the ani ens. Another aspect of the invention is
directed to a method faor prOV|d| control |l ed generation and rel ease of at
| east MOAFEVEE by SpCRRIRIRY *‘dg Fing s%ﬂlqlopéeg%ﬁ%anai hjes gaFeidit®T 15

cont akBEAg @aoexnwfgmaes:tda/canqzismtwdmlﬁmb apf ObBe Cap28l eelleadigigng
oxi di zed_or re cted enerate at, | east e gas, _and exposing the solid

or t h89§8rirdé” (ﬁ%ﬁ%ﬁ%%n O%I Trd ﬂﬁtlc energy to activate
t he cat al yﬂan:h@ttd odDglaabtzse amd ardsmntag‘@ v otrisetnngenmanewaﬂd kel ease t he

2BplbedcM e Whd St 10 e SRt 10q aadBliege ebl etarding, kil ling,
preven Png contr I ng mcrobiological cont nation on a surface of a
mat eri al , mnthln the material or in the atnosphere surrounding the
naterb@&efb Gl oh dmitHe Iy nt to a conposition t hat does not

generate af a% 25 rel ease -a biocidal_gas in.the aﬁé ge gf electr%tl netic
ener gy, ancHﬁﬂﬁﬁﬁrﬁf?*ﬁa%ﬁﬁnﬁﬁﬁ?W%) T ¢ 217D Fi EENEF QY X6 gener at e
and rebmmﬂbhﬂedesuﬁtaﬂmedngnnetat;pw &mdwm¢lnaseoqﬁoalgasn into the

gt mosphere ﬁg&%cmdi nﬁlo% Stdals ﬂ@%‘@r‘icé’ﬂ@?gtﬁﬂt %gf al BndpMe ion is

irected t¢ retardin preventi ng, Iting or
contr@f i ‘oelﬁQﬁﬂKﬁﬁ%ﬁNsd%@ﬁﬁ%@s??WEﬁﬁ%ﬁ#%P%Ur?%ée of a material or wthin

the naterlq'da&égzgérmbtgggrgﬁ&&gaéfa@agc@@ﬁcéﬁtgaggaﬁoagtaon t hat QOes
not generate and rel ease a bio ng ? i tion- |nh|b|§ gas in the
absendd Gt Q% drdifet T ‘éaf)r’e?\‘é? g?lo gﬂ%lrje&p 3ty tHECEBRFSS i on to

el ect B gElid s AL gympdoi ybmes ad e tinel imveaskont | east one biochenical |

conp03|t|o atnnsphere surroundlng the naterlal Yet anot her

erire 8§ respiration of a
mat eri al IJP éféé@d&ﬂéef@ieﬁ'@he érégéﬁ@eﬁﬁvéﬁt@oﬁomeshhlsobdehﬁt does not
ease

dlsc-vered that controlled sustained release of a gas such as

containing an energy-activated catalyst and anions when the

|

|

i

20 compg
visi
by tHe activated catalyst or reacted with species generated

gition is exposed to electromagnetic energy such as
le or ultraviolet light. The anions are either oxidized

during activation of the catalyst to generate the gas. The
generation of gas can be suspended by stopping exposure of the
25 compdsition to electromagnetic energy, and resumed by again
exposing the composition to electromagnetic energy. The
compodsition can be repeatedly activated and deactivated in
this | manner as needed for a desired use. Unlike moisture-
activated materials that generate hydronium ions, the energy-
30 activated composition can be processed at high pH preventing
position of the anions used to generate the gas. The
i compesition preferably includes a photoactive catalyst so that
the anions are photo-oxidized. The composition is preferably
formlated as a powder which is easily prepared and can be

used as is or incorporated into various end-use products, such
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respiration-controlling gas in the absence of el ectromagnetic §ngpyy200Rnd
exposi ngwoleesaEPosi tion to el ectromagnetic energy to gengt 4 el ease
at |east one respiration-controlling gas fromthe conposition into the

at nosphere surrounding the 10 mate 7ial. The invention is also directed to
a met hod of deodorizing face of a natqflal or the atnosphere surroundi ng
the ial or |enhancing freshness of the material, by placing a ial adjacent

to a caspbhslts pnadhaetidess g@angeaeraﬂen@md wakét(k¥égiﬁglﬂﬂoﬂﬁﬁef§ the

absen ct | n g 4 osition to
eIectﬁ%%a% g 5 %nggggg&néPapggég |$§§ %ég IGFEHHER 3% ng gas
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that doesweert alg@@era?]ewagé aﬁaeas»euan o0den- Raski RE Gas é}Eeﬁ@aDdor
neutral i zif e,_absen ectrona netic nergy, an 25 exposi ng
t he cggéﬂ égai%ﬁfr%ﬁgaﬁgﬁ efe h&l‘é’? ta é’ﬁ‘&egt@ and rel ease at | east
one o @EQmNQHQQSCoenedgyvnenﬂrhﬁtweng agwytfMOmuﬂthanm&iabautinto
t he atg®

phes eo§“£.rQHGE'!:Q%EhSnlgﬁEechﬁlablEh%f' AR A élfééw'{rﬁect ed 1o

a nethod of retar preventi_ng contro

I cal
Ot arFit %?ue%fC%a%&?%oeﬁhéﬁécsydew%& ﬁ@epﬁé%@mamm% during
el ect rasegvetion epetBy &9t§§9§tat© gedefrglease gals,| @3 e

HSEET 75, “B8:VRBanBPREr “EnBbalnBRt PP SenVBtd Gif |4l roct ed o

»0 0 0 in t t ar di ng,
8 STt Qé‘%%? fofe T dilolantel R e, oo
aaﬁBY%rFaﬁn webAkh PRevhatePifather enerowe agtinssted e surroundi ng

st 0gRdOpkEWBEnaaboitadewdl $ and about 14 wt.% of the
source. When the composition is exposed to

£revent|ng
r f ackbegt

the me¢gE s
anion
electiromagnetic energy, the energy-activated catalyst is
activated and the anions are oxidized or reacted to generate

20 and

Without being bound by a particular theory of the

invention, it is believed that the composition generates a gas

ne or more of the following mechanisms. When exposed to
electromagnetic energy, the energy-activated catalyst absorbs

25 a photon having energy in excess of the band gap. An electron

cing a valence band hole. The valence band hole and

ron diffuse to the surface of the energy-activated
catalyst where each can chemically react. An anion is

30 oxidized by the activated catalyst surface when an electron is

sferred from the anion to a valence band hole, forming the
gas.| It is believed that chlorine dioxide or nitrogen dioxide
are generated by such transfer of an electron from a chlorite
or nitrite anion to a valance band hole. It is believed that

35 these and other gases, such as ozone, chlorine, carbon
dioxide, nitric oxide, sulfur dioxide, nitrous oxide, hydrogen
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a material jor the atnosphere surrounding the material, enhap freshness
of the > '?J or retarding, preventing, |nh|b|t|ng or ;a
chenntag? @b@ ?Paction of an organismto a material, Q£§§9 teria

adj acent to a
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ation, of the ca

£ ectr

noi st ure
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less

tablet, or coating, or a liquid such as a solids-containing

suspension (e.g., dispersion, emulsion) depending upon the
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rally provide controlled sustained release of a gas, the
bsitions can be formulated so that gas is released during

1ided use of the composition.
the composition is a powder as shown in Figure 1 comprised of
irality of particles 10 including a core 12 having a layer
h an outer surface 16 of the core.
bsition is a powder as shown in Figure 1lb comprised of a
ality of particles 18 including the core 12 having

icles 20 on the outer surface 16 of the core.
erred embodiment, the composition is a powder as shown in
re 1c comprised of a plurality of particles 22 including
core 12 having the leyer 14 and the particles 20 on the

r surface 16 of the core.

gy-activated catalyst.
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S ca ge er ting.and rele S|n the ft tlyvation
Py eeBl ny e ry s BERR AR 18R o° PEAYIE (I N (Howdif a2 Bt ©
otdenssimensuchhes bbrtetdaanmoddisantfagesi ofaligae.i nvention wil |

Although the compositions

yzoa, and viruses on materials.

than one day if desired for a particular end use.
film,

The composition can be a solid, such as a powder,
In a preferred embodiment,
the

Alternatively,

In another

The core 12 comprises an
The layer 14 and the particles 20
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5 apparent [fromthe follow ng detail ed description. Brief Desifp n

t he Dramfvrqﬁ”/q”i’ﬁures | a- 1c are schematics of a particle fmcw@mllﬁpoggzmg
control |l ed|sustai ned generation and rel ease of a gas; 10 igures 2-11 are
pl ots of gas concentration as a function of time for various powder
corrpositions and Figures 12-19 are pipts of gas concentration as a
functlon 3} tinme for vari ﬂ? poI neric filps incorporating gas-r |easing
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eper gyogugh ﬁavmlgs lablyg sebnliidis0 16ty dx gl o dfT Bhd 0er
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duri ngPREY: arcsPteR ecatséﬂsﬁ'tmﬁéi J&ieafe b @@%S ThEhe geeed@r$on of
gas capréfesabpended Apostogp AggRtpeHs edfaddie 25 womosetéPMNA O

el ectr etic energy, and resuned by again exposing the conposition to
el ectromagneti c energy. The conposition can be repeatedly activated and

deact i vat edAi powdieirs ofather iayemédded p‘zm‘farajrls_;r reghprsiss e driibe e emi St ur e-
P6U 1 VaLBduRater LAl 5 LhAl Jgehe 3o déy@ftory WE ians, ermgge}ggseéggl{@ Lgctivat ed

conposi tion can be processe preventl n 1on of the

ani onsCakadyes gansr Resvess 659“‘? eo%&%ﬁléq%rﬁ Wy e‘-’rchtwt'y % f Rles a

phot oagbuyeeCafakygbnso cTabajblet hxf DY oA TP LyOXIKHE Zesk i vidteed
COprOSI tLon

refera mul at ed as owde chis eaS|I repared:
and cafiehelyat, By raaticd wilh eelci e SRRt ik Ao s
such WE0oeheotasalysh N&/gé@@%aE@T/aU&&/ 1GEH nidre q&éﬁémlya,dhem ves,
anul Lend X esi Hoyire I 3§Q§ d conpositions

aér:’ld fo?%tg'g %gl %(i?o\g%s%?hwrgs% Qigl ets ang%tutp%a% ﬁ%‘epge élgan al so be
conposagta tleéh yatedyishorgah be tveesy iaposts @ tha-t% iand abwidy Bt 5 The
conpospli @heOhnlibe isBvgRll, 0RnRr aifo%rcal@zxéf@yamys,e%eth@é&ﬁ%&b@tés 50 wt.
and about _99. 99 \gt % of  an gﬁne 9% activated catal | e of ci)el ng
actlvawgd%u?nd about 96 wt. he energy-activa e alyst an

between about 4 wt.% and about 14 wt.% of the anion source.

20 When| the powder is exposed to electromagnetic energy, the

l—v‘

energy-activated catalyst core is activated and the anions on

the surface of the core are oxidized or reacted to generate

and release the gas.

When a suspension is exposed to electromagnetic energy,

25 the energy-activated catalyst is activated, the anions are
oxidized or reacted with species generated during excitation
of the catalyst to generate the gas, and the gas diffuses
through the suspension and is released.

Any source containing anions that are capable of being

30 oxidized by the activated catalyst or reacted with species
generated during excitation of the catalyst to generate a gas
can be used in the composition. An anion is capable of being
oxidized by the activated catalyst to generate a gas if its
oxidation potential is such that it will transfer an electron

35 to a valence band hole of the energy-activated catalyst.
Preflerably, a solid contains the anions. Suitable solids

it bt



el ectromagneti c energy, and between about 0.01 wt.% and abouga 50 w.%of a
source of anions capabl e of being oxidized by the 10 acti vat ﬁcNﬂﬁlﬂmﬁ or
react ed WPOW6&P&ci es generated during activation of the PTASS{1080d
generate aigas, and nore preferably, between about 80 w.% and about 98
w.% of the energy -activated catal yst and between about 2 wt.% and about
20 w . % of {the anion source, and nostipreferably, between 15 about 86 w.%
and about g w. % of the nergx-activated catal yst and between about 4

W . % ahRCaott 2 1820 . 9 of PENETIER GRS SulRInRRIPT he b GHRSE ti on i s
exposedaterigl esichnagnat saléaeegy a tHelaney,gwRAd ioaed metedsteds
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act] vated catal yst absorbs .a photon having energy in excess
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~then agfepfPeaceds8EedSeahadysezpaetieilledy.i ne, carbon dioxide, nitric

i de, | fyr.dioxid it i de, d OWD b0/ 69775 PCTNS001003 11
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si x nopkpg1tpiahii e¢tenmbar hakalsheuabhed et AiN®iGUNFAYd, @p.  Conpositions
that rel eage several p er mllion of gas per _cubic centineter per day

, rts
for a PBaFrodibe ﬁ?lFe8§taoﬁ a&é&FlSHe“TGa%géﬁF"oﬁeHﬁﬂﬁﬂ?ﬁﬁe i x months can

mpre of1bbe
t he energﬁ‘
of t heSBahd

20 an alkali metal sulfite, an alkaline-earth metal sulfite, a

dary or tertiary amine, or a quaternary amine, an alkali
sulfide, an alkaline-earth metal sulfide, a sulfide salt

of a|transition metal ion, a protonated primary, secondary or

25 tertiary amine, or a quaternary amine, an alkali metal
bicarbonate, an alkaline-earth metal bicarbonate, a
bicarbonate salt of a transition metal ion, a protonated

ary, secondary or tertiary amine, or a quaternary amine,

kali metal carbonate, an alkaline-earth metal carbonate,

pri
an a

i 30 a carbonate salt of a transition metal ion, a protonated

‘ primary, secondary or tertiary amine, or a guaternary amine,
an alkali metal hydrosulfide, an alkaline-earth metal
hydrosulfide, a hydrosulfide salt of a transition metal ion, a
protonated primary, secondary or tertiary amine, or a

35 quaternary amine, an alkali metal nitrite, an alkaline-earth

metal nitrite, a nitrite salt of a transition metal ion, a
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tide, chlorine or ozone.

1de alkali metal chlorites such as sodium chlorite or

f the present invention for a variety of end useg I ncl udi ng

0@@ freshness enhancenent, control, delay or E/ErNﬁl\erOM
5as reduction or inhibition of insect infdyﬂHU&mHO&Bontrol,

i nhi bition or 15 prevention of biochem cal deconposition,

1 control, and control, delay, destruction or prevention of the

nicroorganisns such as bact4eria, nolds, fungi, algae, protozoa,
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3 are_about 50 An strons to about meter in
%ﬁntﬁg ?%%%ﬂ?}oﬁa#?%f%Pgb ¢ bANeSs 88 Che@dfieddn 10 about 50
s %o 90arklPzef coneeratogytachi gased catal yst, and between
Mo %6800 2POUL 30! e H8 Lofpo82LEER 013" uBLAPRALS Ble D N0
s that are oxidized or reacted. Any gas formed by the
of an electron from an anion, by reaction of an anion
electromagnetic energy-generated protic species, by
tion of a cation in an oxidation/reduction reaction, or
action of an anion with a chemisorbed molecular oxygen,
sition. The gas is preferably chlorine dioxide, sulfur
de, hydrogen sulfide, hydrocyanic acid, nitrogen dioxide,
¢ oxide, nitrous oxide, carbon dioxide, dichlorine

Chlorine dioxide gas is generated and released if the

Suitable
ite sources that can be incorporated into the composition

sition contains a source of chlorite anions.

pota

calcium chlorite, or chlorite salts of a transition metal ion,

35
quat

e T i s g g s ]

a protonated primary, secondary or tertiary amine, or a

siﬁm chlorite, alkaline-earth metal chlorites such as

rnary amine such as ammonium chlorite, trialkylammonium
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about 86
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reacted with species generated during activation gf t% VZVP(BO
generate a gas, and nore preferably, 15 between abou . %
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comppsition contains bisulfite or sulfite anions. Bisulfite

15 sources that can be incorporated into the composition include
alkali metal bisulfites such as sodium bisulfite or potassium
bisulfite, alkaline-earth metal bisulfites such as calcium
bisulfite, or bisulfite salts of a transition metal ion, a
protpnated primary, secondary or tertiary amine, or a

20 quaternary amine. Such bisulfite salts dissociate in solution
to form bisulfite anions and possibly sulfite anions. - Sulfur
dioxide gas-releasing Compositions can be used for food
preservation {(e.g. to inhibit biochemical decomposition such
as browning of produce), disinfection, and inhibition of

"725 enzyme-catalyzed reactions. The compositions can also be used

for |reduction of chlorine gas concentration in catalytic
cycles where aluminum or iron powder is used to selectively
scrub chlorine from a mixture of chlorine and chlorine
dioxide. The compositions are also useful in modified

30 atmdsphere packaging by placing the composition within a
package, exposing the composition to electromagnetic energy to
generate sulfur dioxide, and sealing the package to create a
sulfur dioxide atmosphere within the package.

Hydrogen sulfide is generated and released from a

35 comiosition containing hydrosulfide or sulfide anions.

Acceptable sources of hydrosulfide anions include alkali metal
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Cceptable sources o ypoc o e anions in lkali metal

hypochlorites such as sodium hypochlorlte, alkaline-earth
metal hypochlorites such as calcium hypochlorite, or

hypo
pri

hlorite salts of a transition metal ion, a protonated

ary, secondary or tertiary amine, or a quaternary amine.

20 Chlorine gas-releasing compositions can be used in processing
meat; fish and produce and as an insecticide. Dichlorine
monoxide releasing compositions can be used as a biocide.

Hydrocyanic acid is generated and released from a
composition if it contains a source of cyanide anions.

25 Suitable sources of cyanide anions include alkali metal
cyanides such as sodium cyanide or potassium cyanide,
alkaline-earth metal cyanides such as calcium cyanide, or
cyanide salts of a transition metal ion, a protonated primary,
secondary or tertiary amine, or a quéternary amine.

30 Hydrocyanic acid gas-releasing compositions can be used as a
pesticide or a rodenticide. '

Carbon dioxide gas is generated and released if a
composition contains a source of bicarbonate or carbonate
anions. Suitable bicarbonate sources that can be incorporated

35 into| the composition include alkali metal bicarbonates such as

sodium bicarbonate, potassium bicarbonate, or lithium
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sourice of nitrite anions. Suitable sources of nitrite anions

20 include alkali metal nitrites such as sodium nitrite or
potassium nitrite, alkaline-earth metal nitrites such as
calcium nitrite, or nitrite salts of a transition metal ion, a
protionated primary, secondary or tertiary amine, or a
quatiernary amine. Nitrogen dioxide or nitric oxide gas-

25 releasing powders can be used to improve biocompatibility of
biomaterials and for modified atmosphere packaging.

Ozone gas is generated and released if the composition

contains a source of peroxide anions. Suitable ozone sources

that can be incorporated into the composition include alkali

30 metdl peroxides such as sodium peroxide or potassium peroxide,
alkaline-earth metal chlorites such as calcium peroxide, or
peroxide salts of a transition metal ion, a protonated
primary, secondary or tertiary amine, or a quaternary amine.
Ozone-releasing compositions can be used to deodorize, enhance

35 freihness, retard, prevent, inhibit, or control chemotaxis,

retard, prevent, inhibit or control biochemical decomposition,
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for photo-activation of the

Ultraviolet light and visible light other than
descent light, such as blue light, are preferred sources
ectromagnetic energy. Additives such as UV blockers can
be included in the composition if it is desirable to

t the wavelength range transmitted to the energy- actlvated
Photosensitizers can be added to shift the

rption wavelength of the composition, partlcularly to

t an ultraviolet absorption wavelength to a visible

rption wavelength to improve activation by room lighting.

UV absorbers can be added to the composition to slow the gas

30 gene
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ration and release rate.

Any semiconductor activated by electromagnetic energy, or
rticle or other material incorporating such a

conductor, can be used as the energy-activated catalyst of
composition. Such semiconductors are generally metallic,
mic, inorganic, or polymeric materials prepared by various

esses known in the art, such as sintering. The
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sulfiide (2ZnsS), indium sulfide (In,S;), copper sulfide (Cu,S),

20 tungsten disulfide (WS,), bismuth trisulfide (BiS,), or zinc
cadmium disulfide (ZnCdsS,); metal chalcogenites such as zinc
selenide (ZnSe), cadmium selenide (CdSe), indium selenide
(In,8e,), tungsten selenide (WSe,), or cadmium telluride
(CdTe) ; metal phosphides such as indium phosphide (InP); metal

25 arsenides such as gallium arsenide (GaAs); nonmetallic
semilconductors such as silicon (Si), silicon carbide (SiC),
diamond, germanium (Ge), germanium dioxide (GeO,) and germanium
telluride (GeTe); photoactive homopolyanions such as W,00:,7%;
photicactive heteropolyions such as XM;;,0,, ™" or X,M,;O¢,”’ wherein

30 x ig Bi, Si, Ge, P or As, M is Mo or W, and n is an integer
from 1 to 12; and polymeric semiconductors such as
polyacetylene. Transition metal oxides such as titanium
dioxide and zinc oxide are preferred because they are
chemically stable, non-toxic, inexpensive, exhibit high

35 photocatalytic activity, and are available as nanoparticles
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Ls, plasticizers, biocides, flow agents, anti-caking

Ls, processing aids, and light filtering agents.
Preferable additives for controlling gas release include =
, surfactants and light filtering agents. A base is

ved to stabilize anions during processing and participate
e electron transfer by producing hydroxyl radicals which
in oxidation of the anions. The amount of base within the
sition can be adjusted to alter the time period of gas

se and enhance the thermal stability of the composition.
xample, the concentration of the base can be increased if
ger delay of gas release is desired. Up to about 50 wt.$%
base based upon the total weight of the composition is
rably included in a composition of the invention.

ble bases include, but are not limited to, an alkali
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used in preparing the compositions of the invention. Suitable

20 silicates include sodium silicate, sodium metasilicate, sodium
sesquisilicate, sodium orthosilicate, borosilicates and
aluminosilicates. Commercially available forms of such
silicates suitable for use generally include scdium and
potassium cations. The ratio of silicon measured as SiO, to

25 alkali metal cation measured as M,0 in the silicate particles,
wherein M is selected from the group consisting of sodium and
potassium, is between about 2.0 and about 4.0, preferably
between about 2.3 and about 3.5, most preferably between about
2.5 |and about 3.2.

30 The compositions of the present invention can be made in

a variety of forms including powders, films, coatings,
tablets, emulsions, and suspensions. A suspension is
preferably prepared by admixing an energy-activated catalyst,
a solvent, and a chlorite, bisulfite, sulfite, sulfide,

35 bicarbonate, carbonate, hydrosulfide, nitrite, hypochlotite,
or c¢yanide salt. Preferably, the salt is mixed with the
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A powder as shown in Flgures la-lc is preferably prepared

20 by spray drying the suspension. Other solvent removal
techniques can also be used to form the powder, including
filtration, centrifugation, drying the suspension such that
the salt is chemisorbed by the energy-activated catalyst
particles, or any other solid-liquid separation process. Gas

25 relepse efficiencies of 50 to 95% are typical of the powders
of the invention. The powders are stored under conditions
where they are not exposed to electromagnetic energy of a
wavelength that would activate the catalyst (e.g., in dark
conditions for photoactive catalysts).

30 Once the suspension is formed, it can be spray dried to
form a powder by any method known in the art including, for
example, any known atomization methods such as nozzles or
rotary discs. Typically, the inlet temperature and outlet

‘ temperature are maintained at about 250 to about 350°C and

35 about 100 to about 150°C, respectively for an aqueous
suspension, and will vary as known in the art for suspensions
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methods described above or by any conventional coating

20 process, such as fluidization. In a fluidization method, the
salt solution is aerosolized by passing the material through
small diameter nozzles into the chamber of the fluidized bed
whexre it can impinge upon the fluidized energy-activated
catglyst core particles. Upon contact with the fluidized
25 energy-activated catalyst core particles, the powder is formed
as the salt solution evaporates. The powder can then be
packaged in a container that blocks electromagnetic energy of
a wgvelength capable of activating the energy-activated
cat
30 red
pac

usi

lyst. The powder can also be ground or micronized to

ce its particle size and form a finer powder before being
tcaged. The powders of the invention can also be prepared
g mechanical blending of salt particles and energy-
activated catalyst particles as described in Examples 1 and 3,
mechanical-fluidized blending and other known powder

35 preparation methods.
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a surface of the conposition to speed charge transfer between =tHeNGWi2088
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can be added to the conposition. 10 Representative surfactants include
Triton X-3010 (an et hoxyl ated al kyl phenol sulfate salt manufactured by

Union Car |ide) and Triton X-1000 (an & kyl aryl ethoxylate man factured by
Union Carbide). Light filtering additives can control the transfer of 15
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qﬁgaly ro. adm xed with the solution to fornltﬁe suspension. The
suspension |s stored under conditions where |t is not exposed to

(e.0., ifcdBsdrLoadi i} easlﬁgécpbeﬁ%iaaﬁ ga&gg&%ﬁg %rer@t've'y, the

energy-activated cata sol vent can orn1a slurry and
t he saJ?h'“'4th°%MQ@d P eReresipryL @6m$@rﬁiﬁﬁél§u§§@dypﬁﬁ byt both the

compounding and pelletizing the powder via conventional means
20 and |admixing the pellets with a material before the
conventional forming or molding process. Suitable materials
for forming these products include any polymer, multicomponent
polymer such as a copolymer, a terpolymer or an oligomer, and
polymer alloys or blends thereof or any wax. Representative
25 polymers include polyolefins such as polyethylene and
polypropylene, polyethylene terephthalate, polyvinyl chloride,
polyurethanes, metallocene polymers, polyesters, polyacrylic
esters, acrylic, polystyrene, polycarbonates, polyamides,
polyester amides, ethylene-vinyl acetate copolymers, ethylene-
30 methacrylate copolymers, and polyacetals. Suitable waxes
include microcrystalline wax, paraffin wax, and synthetic wax
such as chlorinated wax, polyethylene wax, polyethylene
glydols and polypropylene glycols.
The formed or molded products preferably include between
35 about 0.1 and about 70 wt.% of the powder of the invention and
between about 30 and about 99.9 wt.% of the material, and more
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well known hot melt, dip coat, spray coat, curtain coat, dry
wax, wet wax, and lamination processes. The manufacture of
casfi and blown films is described in Examples 10 and 11 below.

20 Whenl the composition of the invention is in nanoparticle form
(e.g., 50 Angstrom diameter), a transparent film may be
formed.

Conventional film forming additives can be added to the
materials as needed. Such additives include crosslinking

25 agents, UV stabilizers, flame retardants, emulsifiers,
compatibilizers, lubricants, antioxidants, colorants, and
dyes.

A multilayered composite can be formed to generate a gas

within an enclosure formed of the composite. Such a composite

30 includes a gas generating layer and a barrier layer. The gas
generating layer includes an energy-activated catalyst capable
of being activated by electromagnetic energy and anions
capable of being oxidized or reacted to generate a gas. The
barrier layer is adjacent to a surface of the gas generating

35 layer. The barrier layer is transparent to electromagnetic
energy such that it transmits the energy to the gas generating
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release a biochemical decomposition-inhibiting gas from
composition into the atmosphere surrounding the material.
material is preferably produce such as fruits or

tables, or other food. The food is preferably stored or
sported in modified atmosphere packaging to extend the

f life of the food by retarding, preventing, inhibiting or
rolling biochemical decomposition or microbiological
amination.

The gas-releasing compositions can also be used to
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6 NOV 2003 %‘7@:‘?% %g%#%é’ %‘P‘\é\@% ’r@?sbcé?ﬂeﬁ%sﬁbgﬁt ufegg& ©about 50 wt. %
of the vw«wa,(ﬁrev¢n$1rnmhibbh,amn @enmeeh ehemotSGtaudaabmattganwa%>of

t he amﬁé}ﬁj $0s4 d?é@éﬂé?'b%¥ &@ﬁgu?ﬂg%aeﬁégg Qagtaggﬁt

t he powder |0 I nventi on and 0 an A;of t he
rraterlélhe R HQﬁ#ﬁ&P%r %&ﬁd%ﬁP%?bHQCF e cePmpResShadenbyoany con entiona

&@é%r@rt@@éﬁéﬁat@ ROALE1 e85 PENIBHOREMEBkSngf t he

i nvention and the nat rial can ether.in a mx such as a

to
Hensch&F ASRK -7 ﬁEﬁt%ﬁ%ngﬁ?Tréﬁﬁr ot BiAg éﬁﬁﬁrﬁ%ﬁs operated at
a tenpemat=-:er&ﬂsumammmﬂi@gabbatm&ﬂ@fiab forma nelt. The nelt can be

The gas-releasing compositions can also be used to
retard, prevent or control biological contamination of an

20 atmosphere by exposing the composition to electromagnetic
energy to generate and release a decontaminating gas from the
‘composition into the atmosphere surrounding the composition.
The compositions can also be used to retard, prevent or

; control biological contamination of a material by placing the

25 material adjacent to the composition, and exposing the
composition to electromagnetic energy to generate and release
a decontaminating gas from the composition into the atmosphere
surrounding the material. The decontaminating gas, for
example, is used following biological warfare to deactivate

30 the biological contaminant (e.g., anthrax) or for other
military decontamination.

The composition of the invention for use in the above
methods is preferably a solid or a liquid such as a solids-
contiaining suspension.

35 In the above methods, the surface of the material or the
entire material can be impregnated with a powdér of the
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cast-extruded as a film formed into pellets using dry air cod ifnNOYN208 '
vi brati ng"@8%6¥y2r, or fornmed into a desired shape by conm‘milsm/aﬁsm 2083
i nj ection-nolding, thermal-form ng, or 15 conpression-nol ding net hods. The
melt can be applied on a surface as a filmby using well known hot nelt,

di p coat, spray coat, curtain coat, dryg max wet wax, and | am nation
process apuf ca omn fi I s described in
Exanplegﬁg Igﬁgﬂﬁ§9bgﬁgﬂé %aﬁﬁé 5%9%ﬂ$€hetﬁ%mpﬁ§éﬁ998ncﬁ§ in
nanoparPecfemi¥edh wish ghe SQtAﬁg§ﬂno#b@|@mmpaﬁgtxomraaﬁpheeehciobﬁﬁnay be

for med o Eﬁtaogab f:ékﬂi\afam@ %n%@@“n@rve\%xc glgb ag%’;{’ 50\/3 {iaB terials as

needed. _Su ditives an ud crassl i nki ng | zers,
flame r&?P% aiﬁ 1OnefEls F|§P§ OE6 &ﬂtbﬂpl?eP§HQQHn¢Qant§heanthQX|dants

cof or antsm asdtldyelnnénc3aseﬂCw@ehlﬁfaC&bnEa&dgi|f%hé”€%ﬂ¥afh€%'& ﬁaﬁered
conposi ner a closure formed of the
b¢ %Eaggég%05| lg(audg aﬁgg Z&He &Dﬁﬁy%ﬂ EJE aSBER r 927

conposite.
| ayer. §a§r©@tthg taptringel.udes an energy- actlvated catal yst capable

eing activ tﬂsieb&h%@szhéoaﬁe&%écr@@eégxngngo%' gnacen,f ?O,ia,ggigg 9xl di zed

or reacted|to genera e.a The i er I's a SOt £ 3T of t he
gas ge ?a.Tﬂﬁ InghedpiRFPeFORspdners PﬁﬁﬁsbaréﬁpﬁﬁnﬁQQﬁﬂprdMFﬁﬁac

sueh t hevapt 1amaaﬂyteetéegenergﬁot:améhesgaalaeﬁ%%tI h M 00U OSSP - % Nov

gg?§ P§§%1perneé% tr%ge?kéyegggggégnggtﬁﬁpaﬁaeﬁeﬁgégédnﬁbgﬁInperneable o

gener at3®d |$uteres Thpegasngéncazaei pgotlages, medicelperedidlogical

el ectroppgie! | St RIGE DY sRo8PaBLER, 538! aELBE.,0Y M & 8RSIdY, qe .

Such a powder can also be impregnated into covers for medical,

15 hospital, home or commercial equipment or covers used in
storage. A packet, sachet bag, "tea bag" or other gas-
permeable container of the powder can be included in a storage
container to provide a chlorine dioxide microatmosphere upon
activation. The chlorine dioxide-releasing powder can also be

20 impregnated into a paper or polymeric material (e.g., a shower
mat,| shoe inserts or insoles, bandage material, a meat cutting
board, a food wrapper, a food packaging tray, a seed packet,
or an air filter); incorporated into a wax or polymeric
coatiing applied to paperboard containers or other surfaces;

25 incorporated into films such as packaging films or covers for
storage or medical, hospital, home or commercial equipment;
formed into porous parts to sterilize water; admixed with a
material to create a microatmosphere of chlorine dioxide about
the material (e.g., soil); or admixed with other powders to

30 killl microorganisms, enhance freshness or deodorize (e.g.,
footl powders, bath powders, powders for treating soft surfaces
such as carpet powders, desiccants for moisture removal).

The powders can also be admixed with binders or other
conventional tabletting materials to form tablets that can be

35 dissolved in water at the point of use to generate and release
chlorine dioxide for flower preservation, surface
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5 the gas after activation of the catal yst and oxidation or rea t'ﬂ@ ﬂm
t he ani O%oo%%srel easi ng powders, suspensions, or other conposili

the invention can be used to retard, kill, prevent or conf S00/10804

m cr obi ol ogi cal contam nation on a surface of a 10 material, within the
material on in the atnosphere surrounding the material by placing the

mat eri al adjacent to a conposition of%t he invention, and exposi ng the
conposidiisimfiect igirects wamijhieta ti@nes §)ymédi ¢ &l easeiaeki 0gixdalsedas fa om the
1 conposiddy j t t r lng the naterial. .15 s-rel easi ng
| conpos :rr{o:ug??g}ac%gf; bgl%uége %gé}r%e %I?%,épt)g}g%/en VERRAPRi £3%r &R S(%

| bi ochePesHaggs dfpotadwrtomige predurts ofon sachreal msew.thin the

nat erial by SI&'ds%férfﬁ.drKE oftrﬁﬂ?é iﬁivé&ﬁ{i&ﬁ?r‘%aﬂoﬁaé tﬁQgHO%.btr{ heO by %stes

i nventi,on _la XNOSi n e composition to el ectromagnetic efnergy to
ggneraﬁgeﬂslgﬂﬁcfé%ﬁé%gﬂf%i%‘fgﬁ%al ERT SRR Pondi SHSPRRSAQIgAaS from

t he codeesirtibed iint Extdmplad s pdeat e Wpmlied ngot Pengateniadlls ofh@oat eri al

is preferall r u ruitis.,or,. vegetables, or other.foqd. The
f ood igﬁﬁr%%f )eéroz?l (}%q'gq‘btrs'e od?c%'r ;&n&s}glor % Ile%c%%'gf?ietdg& FESYhE g%packagi ng
to ext &Na o5 witidlgn |the ndil heo oan dye rimatlddad, ipr eadit pedish

| nhi bi trioheh At iCHY M+ i 4l GalgIaLA | dWOﬁéﬁeﬁs% a g%@g%‘i‘%ﬂgkﬁa'
cant am,naé:} he gas-rel easing composi t1ons can al so be tised o Control

on. T
rspi r NS EXhaRqult byl ptAGhRP. RP it ¥ i of BbDeampwdent ofothe
conposiiniventdlor, he ndiv eabidian, 2 @b eteasd MEp e, $ CPEPPREL 8lchOas

el ectr met.i ner t.o nerate _and r.el eas respirati on-controllin
gas frg’ﬁ]ﬁg f@‘egglﬁ% selttq?/%cfﬂ]%etoethoer pﬁqﬁﬁ'sld}ﬁ e"’%‘sﬁ‘?p‘agngﬁﬁ PRe tRafEPRAI . '?'he
mat er i &9 .9 wtpriefesrlatent fsudh s3s wegsralfias , watest ssohehiepr oduct s, seaf ood,
35 f ] , , I her t ont

s eafraodi NERAURSS n?%#gﬁfrfélo%is met'h 1&/@;%@%9& £5:-PhaA %ate?lc(m ro

of respiration of foods a owers IS de W acco 1nhm Eac
36/ 697 B9 1bd end@TIUR HenUSOFHUIRIW 1oAs Bf el bByverbiragcandalso

transpeet uded e etk O fdpdations for localized disinfection in
an oral cavity, for example, by applying the composition to a
tooth surface before an ultraviolet-cured adhesive is exposed
to ultraviolet light to cure the adhesive and form a tooth

20 filling. The ultraviclet light activates the composition to
generate and release a disinfecting gas. Compositions of the
invention can also be incorporated into a paste for temporary,
permanent, or semi-permanent oral care uses.

In addition to deodorization to neutralize malodors, the

25 comppsitions can be used to retard, prevent, inhibit, or
control chemotaxis (i.e., the attraction of a living organism
to a| chemical substance). For example, odors from food can
attract insects to the food. When the food is adjacent to a
comppsition of the invention that releases an odor-masking

30 gas,| the odor released from food is indistinct or
imperceptible to the insects. The compositions of the
invention can also be used to release an odor-neutralizing gas
so that the odor released from food is reduced or eliminated
and insects are not attracted to the food.

35 The powders are also especially suitable for use in

animal feeds. During preparation and handling, animal feeds




nodi fi ed atnosphere packagi ng or selective gas perneable aging. The
gas-rel e@%w 9g%rposi tions can also be used to deodorize a sw HaNgy 02003
material "of TH& at mosphere unding the material or enhance fRaI¥bSoegesoef the
material acing the nmaterial adjacent to the conposition, and sing the
conposition to el ectromagnetic energy to generate release a deodorizing
gas fromthe conposition into the sph®re surrounding the material. The

as-r el BB MOncoAPOSi L ARSI n2AR ,alsse e Used prevent, inphibit, or
gontrol enntggtic attnactiggigﬁe anﬁsmngééé%ﬁeéwﬁTebyc5P§C|ﬂ@gﬁhe

nateriéﬁgégﬂ%%@nfaFﬁ' Tofrfoé ﬁ&eexﬁﬁﬁrﬂfﬁ&ﬁa@mm@mminabadtwith
r omagneddctienia gyhiohgénéeate thed angh@ase aF qdq - 9 c"_},[fd@ﬂg surr by
alizln

- m

Phe”coroar tor s neact b ar B SO5MErS FEAPT SOy AHMART S el inghading

gad- r el ¥Ry REPPOENL Foatiogs. akbe bowdsed toan ntai aithoRFE¥LHEQ 0in€oNt I Ol

bi ol ogitiee |&xeIHh2IM PAEH 0L PE ndN a3y gkgge gge%raaﬂg%iagyabé:£¥e25 mate conp

a de SLUJ&%%EQr atfggnégos%ggagglgktghé feed, or before use of the
feed so that the chlorine dioxide will reduce or eliminate the
bacteria within the feed. The controlled sustained release

10 powders also reduce the bacterial load in the intestines of-
such monogastric animals.

The compositions of the invention effectively release a £

- gas at temperatures generally encountered in the above uses, w
including refrigeration temperatures. The chlorine dioxide-

15 releasing compositions, for example, can be used in packaging
medical supplies, food or other materials that require
refrigeration to sterilize or deodorize the materials. The
multilayered films including a barrier layer can also be used
to fprm packaging such as used for medical supplies or food.

20 The barrier layer retains the generated gas within the
packaging, for example, toc enhance shelf life and prevent mold
growth in foods or enhance sterilization of medical supplies.

Compositions of the invention can also be blended with
moisture-activated gas-releasing compositions, such as those

25 described by Wellinghoff et al. in U.S. Patent Nos. 5,360,609,
5,631,300, 5,639,295, 5,650,446, 5,668,185, 5,695,814,

5,705,092, 5,707,739, and 5,888,528, and copending U.S. patent
application serial nos. 08/651,876, 08/724,907, 08/858, 860,
08/921,357, 08/924,684, and 09/138,219, to provide a moisture

30 and/or energy-activated composition effective for the above
uses| as well as those known for moisture-activated
compositions. A compositicn for electromagnetic energy-
controlled and moisture-controlled generation and release of
at least one gas includes an energy-activated catalyst capable

35 of being activated by electromagnetic energy, and at least one
anion source. The anions are capable of reacting with a




sphere by exposing the conposition to el ectromagnetic to generate and
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i bpr egned elfet nan g6NHRI BekabBEAECEO tHLOr @a&p%@ B Yored U SORMac d&undry
e

deterge doc cloth ai_nt S I cal “instrunents, Vi ces
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hospital,, hohe or commercia or cover use
packet ,tRECHIR Bhg, C°W§8355§°noﬁn§tﬁéﬁcgayltbeﬁnaabﬁet@o@ﬁnanataﬁathe

pogder g2, Dovhes! efigBstn 8oskPeaseontgntaliCentlohl AtidIhdl LA
d|0X|de m ¢ releaS|ng

nosphere_u tivation. The ¢ i ne di oxi

powder %%‘PF%?JZ% B 28 Fﬁﬁgggﬁa?gdg?ﬁFSa’élﬁﬁpéF‘doFe&SWHﬁa Eheatgas & (e. g.,

a showegasses after activation of the catalyst and oxidation or
readtion of the anions. The energy-activated compositions or
moisture and energy-activated compositions can also be used in

20 combination with scavengers for gases such as ethylene and
oxygen to enhance the control, reduction or prevention of
biochemical degradation of foods. Such a composition is
desgribed in Example 13.

The following examples are presented to describe

25 preflerred embodiments and utilities of the present invention
and are not meant to limit the present invention unless
otherwise stated in the claims appended hereto.

: Example 1 :
Titanium dioxide (2g; 99.9% rutile (Aldrich Chemical))
30 was suspended in water and the pH of the suspension was

adjusted to 8.0 using a 0.1 N sodium hydroxide aqueocus
solution. The suspension was placed on a glass petri dish and
evaporated in a dark hood overnight to form a white powder.
The powder (1.9015 g) was mixed with sodium chlorite (2.0798
35 g; technical grade (Aldrich Chemical)), immediately put into a




mat, shoe inserts or insoles, bandage material, a neat cutting bg@Ngv gmg
f ood wr app&rao/6a7/500d packaging tray, a seed packet or an gkf §do|/13 AR

i ncorporated into a wax or polyneric coating applied to pape /Boar

contai ners|or other surfaces; 25 incorporated into filnms such as packagi ng
films or covers for storage or nedlcag hospital, home or comrercia

equi pne t formed into porous parts to sterlllze wat er; adm xed with a
mat eri a  die R 6&%}'& SfEtBfa cht 1P | Bpmdebkbrténabdibxitdee

mat er i aletecgor. sounlé smiwraChm mﬁbmté hp otrt@rcppy,\ggﬁé 594530 4ki Ly

M cr oor ganiLs| d h e ness or deopdori ze ?oot owders, bath
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desi ccamfs fest imgi sthere ttempatder Tes ptmdessJSp@@éld at 501 bghadn xedewett)
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be” 35 dlgt0|§§ SR et e at i?%ﬁ?rﬁ use ?g.§E TF%Ee g Ease
§%i Wast &xm%ﬁert%r@é@wqw wigibbe lightOVv 2003
PCT/ US00/ 10804 29 disinfection, sterilization of nedical devices, or use as
a nout hwash. The suspensions of tEe inggntion can al so be packaged as
ready-to-use products for such end pensi ons of the invention can
be used fon Th&apduposkexs dedeli. |5‘110&id sboee. g%)rrmmr(sm&ﬁicﬁxarml e, a
SUSpenspRRMaSa196S Gl I q% flnger ails.or
toe nail to Srzgeﬁﬁsb?g e% %ﬁ gf%ggh %ﬁ? hf é% hgas or
whPt en Sﬁé“ﬁaﬂﬁld6ﬂcéaﬁm@@MQ%%hhk§9|ﬁ$nmna Hhﬁsxﬂalfpmwdéaibbasdfor t hese
pur posegmmdeAtey | aRg oPiaefsRyald1y 53| i 0 bout 50
% of _t he gg §p§?§%he ngntlon fron1 Outr%%ﬂ#%ﬂgggﬁgﬂ % : l iy
polynerpgﬂcﬁ gTips ¢ QﬂﬂykﬂrﬂﬂgQﬂ%o%olnoand up to
about dﬁlﬁrmne%ﬁsokndntwauche&&am@ﬁeﬁrbm’dmﬁéwhﬁﬂélﬁ&ﬁaéQF@Wéﬁiéﬁﬁér or
et hanolppf

thnEEH%lseblfy ?I Ort]&ef o r}q_rﬁo%t bl né:éS 34! g‘rﬁ;i | ONS.

Suspensi ong o I nven n can also %ions for
| b8al | zZEAMBREPA! Bt tHE8 PhYsidgad é?lle@al\/ptfyﬁbda@rplwarrplmlé))ewym@gtt he

conposi ét@eé@sathfa@ma §>H5rfs§‘é%lb%f1@h% @mql oﬁ&v'g@n%fr g_ig frve is
exposed H trayiolet Iight to cure_the adhesive an orma tooth 20
fillingdd ?’é Gl PP @F&IéPrﬁPﬁﬁthX@vaa@egrPH@sc@ﬁﬁoﬂnﬂﬁﬁnq() gene ate and

rel ease a disinfecting gas. Conpositions of the invention can also be
I ncorporated into a paste for tenpg&g&gl

Titanium dioxide (2g; 99.9% rutile (Aldrich Chemical))

20 was suspended in water (15 g). The suspension was placed on a
glags petri dish and evaporated in a dark hood overnight to
fori a white powder. The powder (1.9607 g) was mixed with
sodjum chlorite (2.0157 g; technical grade (Aldrich Chemical))
to form a physical powder blend, immediately put into a 500 ml

25 jar, and monitored with a 0-100 ppm chlorine dioxide detector.
Ag ghown in Figure 4, chlorine dioxide was released from the
white powder during the initial 6.95 hours of exposure to
flugrescent visible light. Chlorine dioxide release was
suspended from 6.95 to 23.85 hours by maintaining the powder

30 in darkness. Chlorine dioxide generation was resumed from
23.85 to 31.83 hours by again exposing the powder to
fluorescent visible light. At 31.83 to 47.93 hours, the
powder was maintained in darkness again and no chlorine
dioxide was generated. Chlorine dioxide gas was generated
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permanent, or sem -permanent oral care uses. In addition to deodor

t o neut r ahigzfyee®sodors, the 25 conp03|t|ons can be used to ffb%%gml

inhibit, of control chenotaxis (i.e., the attraction of a 9 anlsm
to a chem ¢al substance). For exanple, odors fromfood can attract insects
to the food. Wien the food is adjacent_to a conposition of the invention
that rel eases an odor-maski ng 30 gas, $#Hhe odor released fromfood is
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presentg'
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basri ertbay
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el.f life rev owt h iin foaods or enhance
:Bﬁegfuﬂ@ﬁ?cgﬁségpﬁppgétlons fgom 14.7 to 89.1 hours when
powder was exposed to fluorescent visible light. Chlorine
ide release rapidly stopped during the period from 89.1 to
hours when the powder was maintained in the dark, and was
med at 94.8 to 95 hours when exposure to fluorescent

ble light was resumed. A more than four times higher

rine dioxide gas release level was observed within a ten
period as compared to the physical powder blend of
Example 3 because of more intimate contact of the powder

vis
chlo
hou

25 components.

Ex le

Titanium dioxide (35 g; 99.9% rutile (Aldrich Chemical))
was mixed with a solution of sodium chlorite (35 g; technical
grade (Aldrich Chemical)) and water (300 g) to form a

30 suspension and immediately spray dried at an inlet temperature
of 200° C and an outlet temperature of 100° C under reduced
light conditions to form a white powder (36 g). The powder (2
g) was put into a 500 ml jar and monitored with a 0-100 ppm
chlorine dioxide electrochemical sensor. As shown in Figure

il b i i o s b4




Conposi tions of the invention can also be blended with nDistureaagtNgvi?mg
gas- reIea@thmﬁﬁﬁbositions, such as those 25 described by %%gh%@%Qg4

al. in US| Patent Nos. 5,360,609, 5,63L, 300, 5,639,295, 5, , ,

5, 668, 185, |5, 695,814, 5,70 ,092, 5,707,739, and 5, 888,528, and copendi ng

U S. patent application serial nos. 0§4651 876, 08/724,907, 08/858, 860,

08/ 921, %57~h9§/3%% %ﬁ d 09/138, 219, provi de a noisture 30 and/ Dr
ener gy- aét [vVat & 855:(MV%ﬁfﬁﬁR?R&F?QNaQ%er%b@QéeduéesmaShaeWhlae t hose

known f BPWRSKsHurdngcttheatied tdalp 157 13 anrsurd &pr@&&ihg“w &h ¢

el ect r ogagR_L! Ga&N r gl and noi st ur.e-cont ro ener ation and
rel easeﬁgf at agag&g’(})sﬁg(aogtso :}Jr%‘(‘:'ll%q:c?e éﬂ:oéﬁe? L&t 198 ed @&ﬁ argieageapabl e

35 of b@?ﬁSHEPP-Féﬁéde‘?“bllé?thr &radgivetd hreensy ggher&m;h@.t bRast WAS anion

sosir ce. mIbatanhedsiar aagkpellse ol fifact g 769775 - 6 NOV 2003
PCT/ USOE){1 S speci es gener at e&wc?‘url nd 2 c?%ovjat}?%‘hr%fw}?%

0
catal ys ggw??ﬁlygﬁgeFB°6§ﬂeF8t Nesssntom yidsle Thisglan amrsd al so can
be apabfeéspéndedcagagnwirbmhedr. anicem2iionsure BnREAlGd ?%W‘Q&S s
Al ter ”a&éYB{angf f£r 80t x@ALQNs can be present which ar capavfﬁe of
reacting wit roniumions to generate at |east one gas other than that
rel eased by the first anion source (i. ., a second anion source). The

conposi tion also includes an acidgtgh£asi B9 agent as described in the U S
ents an _g_égﬁé'eg The acid rel easing agent is 10

a@gl ications. identif

efther an actt l%b@%%eéet K88 San9Be9ﬁy§n§n9§ethu@cmt &i70)()i wass

subst areesp¢rded efnt s sblhciba wat eatébat(adbf 5915%&1 s%mukh%a/%t%& %fetl on to
ing Trom

forman er eof hydironi um i ons Tresudl
acid hyd?%): das?c}s %nséiy h?%‘gbﬁmt ﬁBlBEﬁﬁﬁsl ?Poﬁraﬁ&chél&ﬂalv\ngmad@m ons to

gener a-td 4 qg:}gﬁhea&ml ?kpb@eﬂ;{tm el eutélperrfgaﬁt aﬁdfﬁghanlgagl@olsgﬂ&e, fEhe
conposidiidy | $t Cap fe@ £ easin e gasses after
aln |vat| on of the catal I?l ox{f‘ggt?gn %§ ¢e3%$| 1) B‘gtiﬁE ani ons. The
or gy - HOEHSAR B € dip Ql dhsunder nrduced higheneonyiatbhyatedform a

conposiwhions mawdert SO T-l@ebts&ﬁkiéfl 29 gprmaga}t,uenlwcf,h Sggge@ g f0r Lggases
such a ny. to en ce the contro
prevAen'??og{nllAre&glwolcrE%é g‘?%a&‘ b?ef%b%ldsUeheatcgnbgmcabn is
descri F&nsQ¥ Exakq)lséudyﬁl in Figure 7, chlorine dioxide was generated

and released from the white powder during the initial 2.75
20 days| of testing when the powder was exposed to fluorescent

visible light. Gas release was suspended from 2.75 to 2.95

days| when the powder was maintained in darkness, and resumed

from 2.95 to 3.65 days when the powder was exposed to
fluorescent visible light.

25 Additional powders were made as described above using the

following proportions. Chlorine dioxide was released from all
of the powders.
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The foll owing exanples are presented to describe 25 preferred e Uﬁas

‘and utili{icedpegy7st he present invention and are not neant tg }

present inyention unless otherw se stated in the clains ap‘g 4R

Exanple 1 Titanium dioxide (2g; 99.9% rutile (Aldrich Chemical)) 30 was

suspended iin water and the pH of the suspension was adjusted to 8.0 using

a 0.1 N sodium hydroxi de aqueous sol utPon. The suspensi on was placed on a

gl ass petr| di sh and evaporated in a dark hood overnight to forma white

pOV\der Fin +S—ft—s-o-diHa-c-R-ofi-t-e /Q 0709 35

g; tech Né@aﬂogr(ade (A d'EN%‘HHCIﬁ@hi cal)), TiPedaht el y put| Tido Soudce

00/ 6977p 6 NOV 2003 1 US00/ 10804 37 o0 m jar, a ToredwWTh a

0- 10 ppfnlghl orine dioxi kd éJdr:\f ectaor. A Bé:h A nJ Fi gur OPZ{T‘%FF C®hlorine

di oxi de]j mas rel eased ffpmthe white pqveker during thelixnd+adh22.2 hoyrs

of esti Mg WETT e PUWHer —Was TTUt EXPUS ' , , '

gener at gﬂ of chlorine |#oxide was obsdr8fd when the pdvkdrigls exposed to
0,

fl gor est %Pth?/Llsh.l bLEnLl!p;?' Exanpl e 2 Tiltani um di oxi de (%L?ﬁqr},t %%’ .?09019/c

rutile sta-xed Mith sodiumchl.on RA(]
techni cplo| 10 grade (Aljd2ich Chenical)) & form a physi G_‘B.iPc&WW?dﬁ’eni
I medi a géy pUT TTTO & [poo I ar, —and Mo tored w113 ppnTcHtoy i ne
di oxi def 48t ector. As sHotwn in Figure 3|8 chlorine dl(g%’r]‘?ﬁ'1 Tel eased
fromthe white powder dven after threg hours of exposymaipes ;&lw@sescen
vi si bl e T AS 15 —To arcgtotrhe pil)bibdi berd—of r.)\aII}JIC n ts
_experi rre?‘n? suggests tHat a physical bi|&® will not gepdfegiePhafi®orine |dio
i de unlpss|surface hydroxyl _groups are |present. Exarrple (@hnhidaayy umidi oki de
(20; 99 o¥TUtTre (AT TCrenrcat ) )20 was—suspended+n—water—t3+5—g)] The
suspens) b} \was pl aced dPa gl ass petril ™ sh and evapo Aleérigh’a dark hood
to forma Wniée powder. The er (1 9607 }Al xed vmt1

physi cal RS FHhETT el 97 ot F R HRAC8RD Bf SBTPYr 9TARE noni tor ed ‘
with a tRne mﬁnwhthmmmeagilmglsjssp@nsmmrand by aging 1 or 24 hours

3Suspension included 10 g sodium sulfate diluent

Example 7

15 Titanium dioxide (86 g; 99.9% rutile (Aldrich Chemical))
was |suspended in a solution of water (300 g), sodium hydroxide
(2 ¢) and Triton X-301° (2 g; from 5 g of a 20% solution) and
mixed with sodium chlorite (10 g; technical grade (Aldrich

; Chemical)) to form a suspension and immediately spray dried at

20 an inlet temperature of 230° C and an outlet temperature of
1209 C under reduced light conditions to form a white powder.
The [powder (1 g) was put into a 500 ml jar and monitored with
a 01100 ppm chlorine dioxide electrochemical sensor. Chlorine
dioxide was released from the powder.

25 Powders were also prepared as described above using the
following proportions. Note that the suspension included
Triton X-100° rather than Triton X-301°. Chlorine dioxide was
released from all of the powders.
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rochemical sensor. Chlorine dioxide was released from

owder .

Titanium dioxide (99.9% rutile (Aldrich Chemical)) was
rnded in a solution of water (300 g) and Triton X-100° and
] with sodium chlorite (10 g; technical grade (Aldrich

cal)) to form a suspension and immediately spray dried as
ibed above to form the following powders.

de was released from all of the powders. The release

le for the 89g titanium dioxide/0.5 g silicate (2.5
) is shown in Figure 9.

Chlorine
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grade (Al drich Chemical)) and water (300 g) to forma 30 suspengi %@ﬁB
I mredi at &y ofgg7ay dried at an inlet tenperature of 000 C §?&p§gég@£
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powder (36
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Additional powders were made as described above using the
owing proportions. Chlorine dioxide was released from all

he powders.

Nad

10, (g) Silicate (g) Tio, (g) TiO, Source

10

10 (3.2 ratio) 80 Aldrich

20 10

0.5 (3.2 ratio) 89.5° DuPont R-700

10

0.5 (2.5 ratio) 89.5 DuPont R-700

25 soluy

(tec

belc
inle
unde
30 powd

Example 9
Titanium dioxide (Aldrich Chemical) was suspended in a
ition of water (300 g) and mixed with sodium chlorite
hnical grade (Aldrich Chemical)) in the proportions listed
w to form a suspension and immediately spray dried at an
't temperature of 230° C and an outlet temperature of 120° C
The
ler (1 g) was put into a 500 ml jar and monitored with a 0-

r reduced light conditions to form a white powder.
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5 10 15 20|25 Nal02 (g)NaOH (g) Ti @ (g) Ti 02 Source 100.589. 5A dr BcHOV 2003
10189A1 dM%§9P88Al dri ch 10288DuPont R- 7001 10288DuPont RPGDOUR00LGRBSDUPONt
Ti- Pure’ R 706 10288Nanophase (Chicago, IL) 10278Al drich3 10585Al drich
2Prepared w t hout agi ng suspension and by aging 1 or 24 hours 3Suspension
i ncl uded 10 g sodium sul fate diluent '3guspension was filtered and dried

I nst ea | ] ] I u lorite (10 .Q; al de
(Al dri gm{ P%?ﬁ Z%%éj‘%f ?%*ﬂé%‘f%%’f”o;?aéé? f p%%]f BL0G¢ dgofé e was
suspen n Fhe RAWAEHN of wat er (300 g), sodium hydroxide Exanple 7

Ti t ani um di
a suspensi ¢
and an-out |
a white povy
with ao
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di oxi de was
as descri be
NaC02 (g) Ng

'Susy
10
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show]

rele
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(ald
Chem
(NaN
diox
20 show
rele

was
25 dens
a co

inca

pellets.

lamij

30

melt
resuy

oxi de (86 g;
bn and i mredi
et tenperatu

99.9% rutile (Aldrich Chemcal)) Chemical)) to form

od at

Iy spray dri
hmaoiozlaw C un

de;o{egyped

an inlet tenperature of 230 C
lighHt conditions to form

100 ppm chl or}i

wder .

a 0N
Tt H

Hrto—e—586—Hl jar and nonitored
PP ocheni ca

serjsor. Chlorine dio

eased from tjhey powder. follby4ng proportrons. Note that the

i nc| uded Tr' -0l D00 rather .t han Tritan X-3010. c:hl Ori ne
ppowder s. Powder 9

5 released ffrodn all of the were al so prepared
>d above usiHQQFHE_VEYUUTEQTTSfSﬁ‘ﬁ‘ﬁ—ﬁEhhff03 PCTI USO0/ 10804
a0H (g) Trito 2 100" (g) Ti 02(8%i 02 Sour ce

5 95

The powder—ttuy—wes
Wﬁ% di oxi de el e

pension included 10 g sodium sulfate diluent

Powders were also formed as described above wherein the
ension included zinc oxide (90 g; technical grade). As

n in Figure 10, chlorine dioxide was generated and

ased from the powder upon exposure to light.

Powders were also formed as described above wherein the
ension included titanium dioxide (90 g; 99.9% rutile

rich Chemical)) and 10 g of sodium carbonate (Aldrich
ical), sodium sulfite (Aldrich Chemical) or sodium nitrite
0,) (technical grade (Aldrich Chemical)) to release carbon
ide, sulfur dioxide and nitric oxide, respectively. As

n in Figure 11, nitrogen dioxide was generated and

ased from the powder upon exposure to light.

Example 10
Pellet Formation: The spray dried powder of Example 5
compounded into pellets using 2 melt index linear lqQw
ity polyethylene (LLDPE) resin (manufactured by Rexene) at
ncentration of 20% powder and 80% resin.
ndescent‘lighting was used during manufacture of the
The pellets were stored in aluminum foil/plastic
nate containers to protect them from exposure to light.
Film Formation: The pellets were blown into film with 2
index Rexene LLDPE resin (50% letdown). Thus, the
lting film contained about 10 wt.% of the powder of
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102286DuPont R-700 1020. 587.5DuPont R-700 100.50. 589DuPont R-700 003
‘ bR 700 Exanvlie 8 Titanium dioxide (89.9 g; 99, 9%5&9‘(3

- 0
(Aldrich 10 15 20 Chem cal)) was suspended in a solution oPCTAISLY/ 14884 s))
and sodi silicate (0.1 g; fromO0.26 g of a 38% solution; an outlet
tenperature of 120 C under reduced Ii%ht conditions to forn1a white

powder. The powder (1 g) was put into=& 500 Si02 Na20 ratio = 3.22) and

m xed VE¥IME FHSHncﬁwmrlewellﬂngandeechntcahggtadg WwAldrjgehy Ghenmigal )) to
S Pesd tely,sp dried at _an i.nlet t erature of

230 C and ¢ ectrochen1c ?ﬂgghgor 2§I%?¥%ewafo§gage%a§4w§¥e Yt he

AhAFR IR QTN IDD. CORERLNEE YAl Drothcthéni Calon exgsoswatspended

iton of water (300 g) and Triton X-1000 and m j r and nonitored

with a 0-1 bom c Iorlne d|o |oe m xed with sodlun1chlor|te (10 g;

t &chni cal e tAH oo i Reex Humid cgondisionsy d A redicat el y

spray d@dilenl sesnpldeseas t;el:hczaéxbvmta) 5 @0 nml hfafokiﬁmﬁglagv%erss m1Chl ori ne

806 1| Canr AHE RGN Al st IS BOMIR IR0 dpBate) BBRL RIEIE gure 6
WO 00/ G¥mis l-tx? W@@@ﬁ@r/nmmhm@@ﬁgo&decalec(:gpvémm@gm 02
Sour ceE‘reitte.catdi— e died Q;o5(ta—1é T84 ] QT - SRPeng ‘Bbggoélgmggmz foil

rati o) 89Dup R—7000 0.5(2.5 ratjo)89buPont R-/

oy o)%g?. Shistas d:%(?‘%h@ﬁ %F 3D nEhRovbos. Jivkide was

addi ti gmier;anmliarcmmr@ titeep a itk accmmﬂitnié@léﬂi\%ﬂ-otﬁé sample with

o ambient fluorescent room lighting caused immediate generation
of hiigh levels of chlorine dioxide as shown in Figure 12. The
slow| rise in the signal during the darkness period was an

15 artifact of detector hydration rather than chlorine dioxide
generation because the detector had previously been used for a
long| term under low humidity conditions.

Figure 13 illustrates the chlorine dioxide release rate
at the point of illumination. Within 15 minutes of exposing

20 the film to light, the chlorine dioxide concentration exceeded
the detector limit. Within an hour, the film had released
several hundred parts per million of chlorine dioxide gas.

It is noted that chlorine dioxide release was tested

| under minimal lighting conditions throughout this experiment.

25 Titapium dioxide is an ultraviolet light absorber. The sample
jars| used throughout this experiment were soft glass, which
absorbs about 95% of incident ultraviolet light. Fluorescent
room lighting has some ultraviolet light, but incandescent
lights provide predominantly visible light. Therefore, this

30 experiment demonstrates suitable chlorine dioxide release
under less than optimal lighting conditions.

Photoactivation of Film with Light Cycling: A 1 g sample
of the film was placed in a 500 ml jar with a 0-10 ppm
chlorine dioxide electrochemical detector attached to the 1lid,

35 and covered with aluminum foil for about 10 minutes to exclude
light. No chlorine dioxide was generated during that time.
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met hod dest above wherein the amounts of titani um di oRCIASAEUBEHSE
with increasing sodiumsilicate content in the no silicate of Figure 7. The
chl orine dioxide release rate for these three powders are conpared to the
powder containing g, and 5 g, respecti4fely. In Figure 8, the release
profil| a3 lnmvigeits.or ik ti1abaREYECESoNREBLTRAS pag crn{.beﬂ] abqye ,using the
fol ow_ng . tions. Chlorine ggo | de was rel ease f rom aS gﬁ he

3 PS5 cERe TOF 9€§}Woea359ﬁcemmﬁaa(t& Zereiad)i8BAl dri ch
100. 5 (& Zhlaniigle8® imnBidRont 'Bhé’Oﬁilﬂ:PGaEt éBvérétat w@«:%}?-é%%%&%g%ﬁ%og
i nl et tyTREarn ap,. Quil et .tenperature o :
Tit ani om ﬁt%rese(t% (frz"l?,éghh%g%% c%??u{\-?vag‘ guEBeﬁd@ngHrél 8B dn oftat er
(300 g)ft -EndBBed and btk UGn Ehtor23e2 b@erhnduaﬁngrm@ﬂchNdﬁmdﬂinij
Chem caiokiide Wae | Ot b st gd ow,t Q: suspension . .a
I medi t:l')ti-,:l)x spra %{cﬁg éar% an %dri]d£§ ?%ﬁﬁ%e%l?éﬁ?ggogéi'ti%%s%;bguftp:}msa
whit e %&ﬁ#’.&fﬁé po 58 {1t g}OUES: phit 2 ¥R 06 ab 5hours pad 23d 2mbei L6 ed
Chi or o dbarida o T oot Wéﬁ@%%&@”ﬁﬁﬁg NIRRT
Chl ori diLoxi rel.ease e.p er. |
1090 18%81 q.sgl%?;engto??%c?%%%% tsljtb"‘”'g LET §h1‘9ag§138??9e%9 20 Powders
wr e aP¥elPeYeed Pey idsk @f arlabess Wtlze 6 6 the 23usphRearopeirielyged zinc
oxi de ¢9%@ FilheelNice¥ed AMR)ri S df%%&&érhE”QUﬁfgﬁgr ghhgrkae, digxi de vas

generat@d 09 nad initially.

20 25 SO“Qngﬁg%iun1silicate were 89.5 g, 88 g, and 85 g and 0.5 Q,« 3 N%V ﬂma,

Photoactivation of Film with Light Cvecling and Larqge
Leak: A 1 g sample of the film was placed in a 500 ml jar

15 with|/a 0-10 ppm chlorine dioxide electrochemical detector
attached to a 1lid having a hole therein (about 1 cm) as a leak
port, and covered with aluminum foil for about 10 minutes to

exclude light. No chlorine dioxide was generated during that
time., TIllumination of the sample from about 10 to 31 minutes
20 with ambient fluorescent room lighting caused immediate
generation of chlorine dioxide. The film was covered with
foil at about 31 minutes to 1.1 hours and about 1.7 to 2.6 ,
hours during which chlorine dioxide was not generated as shown
in Figure 15. At about 1.1 to 1.7 hours and 2.6 to 3.4 hours,

25 the film was exposed to room light and chlorine dioxide was
generated.

Chlorine Gas Detection: A film sample (1 g) was placed in
a 500 ml jar fitted with a septum port instead of an
electrochemical detector. A fused silica mass spectrometer

30 sampling line was inserted into the jar and chlorine dioxide
and c¢hlorine gas concentrations were monitored as the sample
was illuminated by a soft glow incandescent light bulb placed
about one foot away from the jar. As shown in Figure 16, very
low levels of chlorine gas (at the detection limit of the mass

35 spectrometer) were detected. Chlorine gas and 6zone were

generated with intense light sources causing chlorine dioxide
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rel eased fromthe powder upon exposure to |light. Powlers were al so fofned

as descri
g; 99.9% rutile

e wherein the 15 suspension included titanium di oxi=de NGW 2003
(Aldrich Chenical)) and 10 g of sodi um car BEeF&5@0/10884dr i ch

Chem cal ), sodiumsulfite (Aldrich Chemcal) or sodiumnitrite (NaN 2)
(technical grade (Aldrich Chemical)) to rel ease carbon dioxide, sulfur

di oxi depagd nidt ric oxide, respectively4lAs 20 sho in Figure 11, nitrogen
di oxi dePhatogdeeoatped ianibmn el eClsbsr i Oy 4 Heapg p Xpogure Lo 1 ght.
Exanmpl eyh@nPgl h el sFqr Rl o0 1 e S éa%r%ri edi:l)g\(l)\gv\gé?go?elgga%&%e %t\/\eﬁstedg
onpounded i nt.o peFI et’s using 2 nel Thfex FroRa?s| 8awsebtdedsm y
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20% powder amgi80 i4 V, ' C lighting was used during
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30 Fil ntéopearaatane (Ebmsﬁlﬂj;heﬁ@ W e Hyd cyg]?lﬂlrg 0 fALL i ]Ef?‘% 108 E_Si ggexb
Rexene : [LES] % | ef do .. Thus he resulting f1Tmcontaineéd about
10 wt. %%%Pgigﬁégpég e?’%?fe \#&@%ﬁ&sﬁ S0 Hhos ROeusebrebse43Eranpl e
S. Low Pedehonrgantibscdighti gisninue wess usethatlird gy ageiwdacaees Bf Lhe

film Thrafédm yas sho [ | urd : +f O |l astic.|lam nate contai ner
pr ot T m e%pg?%r eﬂtg?}eﬁi gm}{y?l&hotﬂoa{acgtal A30h %‘Fa?—?sm under

t ect it fr X . .

ngn d Cﬁﬁ%?ﬁ'ﬁﬂs.glﬁxﬂt.c@ genernahiompattnds wWast ebseareedOthat the rate

(i ncl udbfigchlSrihe dabuideed iamppRaraned G qldd i ciepte 8y

relativga%§¥31%£%¥% mﬁtg a 0110 p@gkéglonine Qiofggéggﬁgg r%% em ca ¢

det ect of ached“tbVREY| F&L1eA58 P&EING Homtida mimdepm 10 for bout

2. 85 daysmperaxeredanti ghen e fegeriated]i demde et igRNa e ed during that

time. |l{émpdpaturd 9fLsERSi5d et anbi ent .fl.uorescent room|ighting

Cf sed i&#g%iate gene?at%&% qgkghﬁghgpgvgggpgﬁﬁﬁﬁQBﬁ ne di oxide as shown in

F gure 12. The slowrise in the signal during the darkness period was an

15 artifact of detector hydration;&g%ﬁg&igﬂgn chl orine di oxide generation

because the getect ad previously beepused for a |ong termunder |ow

humi di ty chéh?igﬁégegs 09 Exampie 10 also were cast into film at
full concentration under low incandescent light conditions to
minimize premature gas generation and release. Thus, the

20 resulting film contained about 20 wt.% of the powder of
Example 5. The film was stored in an aluminum foil/plastic
laminate container to protect it from exposure to light.

Chlorine dioxide gas was generated in the film when it was
exposed to light.

25 The pellets were cast into film with 2 melt index Rexene
LLDPE resin (50% letdown) under low light conditions to form a
film containing about 10 wt.% of the powder of EXampie 5. The
film was stored in an aluminum foil/plastic laminate container
to protect it from exposure to light. Chlorine dioxide gas

30 was generated in the film when it was exposed to light.

The pellets also were cast at full concentration with a
UV stabilizer, Tinunin™ 783 FDL (0.2 wt.% based on total
weight of melt; Ciba Giegy)under low light conditions to form
a film containing about 19.96% of the powder of Example 5.
35 The film was stored in an aluminum foil/plastic laminate

container to protect it from exposure to light. Chlorine




Figure 13 illustrates the chlorine dioxide release rate at the point r@fNOV 2503

I 1 um nat i wo.00#178i N 15 m nutes of exposing 20 the film to"{‘}g{?’% T
chl orine di oxide concentration exceeded the detector limt. "W og/gy “hour ,
the filmhad rel eased several hundred parts per mllion of chlorine
dioxide gas. It is noted that chlorine djoxide rel ease was tested under
m ni mal Li ghting conditions throughout I s experinent. 25 Titanium di oxi de
is an ul ii?‘g?ﬁé?eﬁa?i YRe gsserpéed Tme tdenflidm jwiren usedvddir 868 tBi s
experi nehighere soft glass, which absorbs about 95% of incident

| rescent _room lighting has sone ultraviolet |ight,

ultraviolet |jight. E u

but incandescgﬁ? pF'éﬁ?? BESGi 8 SPr a8t mentiul lvicsindentiraghton Tt kf ar e,
this 30 B¥petéhehizdepohshnatiad SBBtahtB(QhMQ[Qn%dgéadd§3%§%£?aﬁ .gﬁger
| ess thapropéieal ol pehkl pg sondiyions, Pgot ctivatiaon of Fi MW th I ght
Cycling: A;l g éanp?e o? 9¥e'f|#n1masogl &3% i (TR oS jta §@xMm & 0- 10
ppm chl bt 1He hex+aeng| abPrbch8nPE&l ofetbet powaktraoifedxamglee 8 d, 7135 and
over ed wEilmakawi susréai knf 8k ' bagt .exglude 1ight. No

chiori ne,di oxi de was_gener at edaggﬁ'ﬁgﬁt ES?E{ ?fslre?t.seégN%@m}é’Gste BRI 9 0804
40 1)1 um naﬁf%%e%? thel ESHpFEPPFBREabBuUL 1Tbtt 0 Sblpirdoeediwixide s ent

f | uor escems QQMEwatgﬁtingtheuSEﬁmiwnaﬂiQtewggngkéggga tgfég @rine dioxide.
They fil RS & OVET | f o) bout .30 mi.nutes to 2. our's, about 2.8
tro@& 7 hn%ur s,?%b%u‘?&z%‘%%% gh%..gﬁ%%ﬂ?eaﬁaoﬁbgﬁt rgleags Far2theurfslauring
whi ch cHIFREHRNLRG oxe eV vesabbl i genewstbdthe Shdms E6nEagukagle.. 2ALrakout

2.8 t0 & how Swt 3 AUt OstdadiDpPsds, 4.9 to 6.6 hours and 23.27to 26 hour ,
the filmwas exposed to roomlight and chlorine dioxide was generated. It

was noted that after being exposed to a 10 prol nged period of darkness
(the 6.6 to 23.2 hour period), thgxhkinbher gbeased chlorine dioxide at a
t

Uant ool ne: SRR dde BEPFed by St#seheis | m was pl aced in a 500

L pgwfmwlgnq@mmmmmg @3 dp) cleoeoypateAlkdebastor

Coner e I e S St g (R B S misRa Py

g. The resulting suspension contained 20 wt.% of
the powder, 20 wt.% PMMA and 60 wt.% MEK. A small amount of
the suspension was placed in a test tube and exposed to
20 fluorescent light. An indicator strip containing potassium

iodide turned purple within five minutes of the fluorescent
light exposure, indicating the presence of chlorine dioxide
gas. The suspension is suitable to coat finger nails or toe
nails to retard, prevent, inhibit or control fungal growth.

25 Example 13
Pellet Formation: Microsphére™ 2500 moisture-activated

powder (available from Bernard Technologies, . Inc., of Chicago,
IL) was blended with resin (20 wt.% Microsphére™ 2500 powder,
72 wt.% low density polyethylene UC 9820, 8% linear low

30 density polyethylene UC 1537) and pelletized. These pellets
were blended with pellets of Example 10 at a 50:50 ratio. Low
incandescent lighting was used during manufacture of the
pellets. The pellets were stored in aluminum foil/plastic
laminate containers to protect them from exposure to light.




j exclude light. No chlorine dioxide was generated during that tine

{ [l um nat iweo ok9bbe sanple fromabout 10 to 31 mnutes 20 with anbie
! fluorescent room |§]I ghting caused i medi ate generati on of chIPGrT('-f?é'O’dW@ra é‘m 2003
The filmwas covered with foil at about 31 mnutes to 1.1 hours and about
1.7 to 2.6 hour during which chlorine dioxide was not generated as shown
in Fgure 15. At about 1.1 to 1.7 hourst®nd 2.6 to 3.4 hours 25 the film
was exposed tBilmoRetrmghionnd Theoped edisowiede ‘éﬁ%t %@& tf%'dé)“ ne

j.ar flrtl
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chl orine di OXI de WO 00/ 69775 6 NOV 2003 PCT/ Usoo/ 1 0804 41

phot o- deconpdAQERAE 3 encHwei @ moﬁdﬂ@i@@d awvhen @ |l ess

igtes & huplys 57

i ntense ﬂul@htsaﬁxmré:avaest&m@eﬂ 8m§0£ts@é oMt %%aﬂ
Trlls exper I'-’tr&q:ﬁ s re eat ed refrigerating t

i At ead =5 g 2L EIE PR 5? CrRAte eBDer méliaeivensitivity
of the mm@tmgmmh l20v0 4160 @ psm C&hlcﬁf\i@éld‘ﬁoﬂ?&e V@I@c@f&@ﬁéﬁgc% ee Figure
17). Fre %t._?z,_htcg,1 é?t?b Q__%ur égh]?ht é:{ce was turne

i ndi cate by t he ed [1ne on W10, LAxGF AN ARl rééﬁysééased 10

chl or i né¥@Mokhge fgdme mittihdm rrbumnets vvasrmé)mmprﬂcb Wil dHPe1dt& £obmchl orine

dl oxi de ahb3 appeF1udTR IR ISRH | sanpl e effectiyely
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light, demonstrating that the film generated and released
chlorine dioxide by both light and moisture activation.
While the invention is susceptible to various

20 modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings and
have been described herein in detail. It should be
understood, however, that it is not intended to limit the
invention to the particular form disclosed, but on the

25 contrary, the intention is to cover all modifications,
_equlvalents and alternatives falling within the spirit and
scope of the invention as defined by the appended claims.




full concentration under |ow incandescent |ight conditions to mnimze
premature gas generation and rel ease. Thus, the 20 resulting fil m-cenﬂgw%ﬂa
about 20 wt.% of the powder of Exanple S. The filmwas stored in an
alumnumfoil/plastic |amnate container to protect it from exposure to
light. Chlorine dioxide gas was genera& dinthe filmwen it was exposed
to light. 25 The pellets were cast intofilmwith 2 nelt index Rexene

LLDPE r e&En CE5G%:| et down) under low |ight conditions to forma film

cont ai ni ng about 10 wt. % of the powder of Exanple S. The filmwas stored
in an al Em’ nug1 foil/plastic |lamnate container to protect it from exposure
to |ight: Chlor FREPEESXi @8 &% 20 emasogegeratiedeharghecbhtponhen it was

exposed to |ighherZbeopebhat seaksaeere Cast .concentration with a
WV stabilizer, Tinypnin 783 FDL (0,2 wt .a%?%asg%im%%k%éfl%r wei ght of nelt;

G ba G egy) under |§€v FGhEYcBREMVRERE FBtRréYATF @apabhecofit iehngg about
19. 96% of t heapbiMaredf bExarpberbmadheThe &hbpypasysgored in an al umi num

foil/plastic | am nat cqntai pe rotect. it tTromexposure to |ight.
Chl ori ne WO 00/ 697%5§9138N%?/ 5058,&913%‘7%%%%%%4%%6%%% deCRa3inBRg

generated i n ¥REORF| FRRARAS| fwhsingposedized oi ghtacThe peldeisryese al so
cast at full LONTEHEF a{glil@n?g\g; h a UV stabilizer, Tinunin'" 783 FDL (1 w. %
o)

based on tot aéhé/\ei&gé ) nelt; Ci ba Gegy), under low |light conditions
to forma filmcontHAThy Wouthey peerd the lrrteronsgixanpl endrgThe

filmwas storeding eapatlei ofingéndtdplastd e |an &g PR af.protect
it from expo ; | 1 orine dioxid as. was generdted in the film
when it was i%%%‘;e%lt%rgr‘{’%hﬁg 1‘5“’“??195(&% aféjeccgﬁﬁfrtééﬂ% [ QA i difoxi de

rel ease for tH& fanimnsontaining no UV stabilizer with the films containing
0.2 wt.% or 1.0 wt.% UV stabilizer. Exanple 12 A suspension was prepared
by di SS%I ving 15 pol y(nethyl met hacryl ate) (PMVA; 25 g) in nethylethyl ket one
(MEK; 75 Q) dmc”E’é?ﬁlatdld%gf%eelrﬁﬁ/ﬁmma(gz&tg)c ehmeBgamolontiol lwid h stirring.
The resul ti ngesuspansiromedMaaat ZF W ghLlor?s AQuder, 20 wt. % PMVA and
60 wt.% MEK. A sn%ll amunt of .
n energy-activated catalyst capable of being
activated by electromagnetic energy, and
anions capable of being oxidized or reacted to
generate at least one gas selected from the group
consisting of chlorine dioxide, carbon dioxide, sulfur
dioxide, hydrogen sulfide, dichlorine monoxide,
hydrocyanic acid, nitrogen dioxide, nitric oxide, nitrous
oxide, and ozone,
the composition, when exposed to electromagnetic energy,
being capable of generating and releasing the gas after

activation of the catalyst and oxidation or reaction of
the anions.

3. A composition for electromagnetic energy-controlled
generation and release of at least one gas comprising:
an energy-activated catalyst capable of being
activated by electromagnetic energy; and
chlorite, nitrite, or peroxide anions;
the composition, when exposed to electromagnetic energy,
being capable of generating and releasing chlorine




&

t he suspension was placed in a test tube and exposed to 20 fl uorescent
l'ight. An indicator strip containing potassium iodide turned purple n@ﬁ?in
five minutes of the fluorescent |ight exposure, indicating the pres@ 2003
chl orine dioxide gas. The suspension is suitable to coat finger nails or
toe nails to retard, prevent, inhibit or control fungal growth. 25 Exanple
13 Pellet Formation: M crosphere'" 25005npi sture-activated powder

avai | abl e fragoRessar | nc. f Chicago L) was bl ended
: g de e o=Ohe L E O s cr ikniPR O

with resin (20, W . % I\/!lcrosghgre _ .
pol yet hyl ene U&eggi%? ¥8¢| PREaP*LE@t 30ndenstegcpbdyeo hyt bacahions37) and
pelletized. These pellets were blended with pellets of Exanple 10 at a

50:50 rajio. Fncapdescent |jghtin s used during manufacture of the
pel l ets. The %%g@%ﬁ@?ﬁ é%%?éa£?ﬂ9 afﬁ#?wfw /BT I BBt

containers to prot2cEO¥herrhtaimengosurend gy gt i valR D £9414ps CT/ usoon

08046 NOV 20Qapsb1 &l dm oy et L on: lets were cast, extruded into a
filmof 10 mil L?a;liii)ckne,ss. TIE% %gghY%?ﬁ%p%I%?Cntc TR0 BB TDS - 137

li ght-activated pdR@eT G 19F Wt . baXRT 19 aiunfiaee cfctiheatatrgondss . Low
i ncandescent gaghtdIngs vas tisedl g r@or&dﬁ%ﬁ%gacéﬂiro%sofqaﬁﬁ%fé ldp Jhe film
was stored i%)@']iia%eu 'nrum f ol I(ipl astic lamnate contalirier to pro ectd it

from exposure to  1Tght. FHETHE LI ASRFF e Bt haafdeonquEad Condi ti ons: A

3.2 ¢ fijl m Sdfplnewees plvacet éxpcﬁse&D(tdﬂe]je?Htr(gg?@dél@iilag egle@r?y éj_(;,in)g -
sat urated am@y it cr.eate relativ umdity) wit

a 0-10 ppm chl o@rﬁﬂr?gg,gf{)%egle%eéicritefo%crhégnﬁeclaelam&gt %’Ieoﬂa:?t Fgéﬁéd to the lid.
Chl ori ne di oRidé Viddsi reldaddre Fatarhnste afnid mxiidehiipnmorutresctie sapl e was
shi el ded fromheaniiieys fl uorescent roomlighting for a few m nutes on five
15 occasions as shown in Figure 19. The generation and rel ease of chlorine
di oxi de was di m ni shed by the brief absence of I|ight, denonstrating that

the fil M- gendr apedeandorekeasedt ich ati neadioxhdeghy bap-kkght .and
noi sture activatign. \i Ic(gmttge;L iinventi on is suscegti ble to various 20
modi fi cations and altérnativé forms spBEreYcaehbsarrentatatkéteof have

been shown b§2RaPLEf oéxAEpre AttiNetddahyngdeandomhgrer beeandesori had
herein in detail.phktsbhodkdobes 1ayer on a surface of the core, the

particles or the layer containing chlorite, nitrite, or
peroxide anions,

the powder, when exposed to electromagnetic energy, being
capable of generating and releasing chlorine dioxide, a
nitrogen oxide, or ozone after activation of the catalyst
and oxidation or reaction of the anions.

6. A composition for photo-controlled generation and release

of at least one gas comprising: |

a photocatalyst capable of being activated by light,
and

a solid or a solids-containing suspension containing
anions capable of photo-oxidizing or reacting to generate
at least one gas,
the composgition, when exposed to light, being capable of
generating and releasing the gas after activation of the

photocatalyst and photo-oxidation or reaction of the
anions.




under st ood, however, that it is not intended tolimt the invention to the
particul ar formdisclosed, but on the 25 contrary, the intention i§\tﬂ0
cover all nodifications, .equivalents and alternatives falling mﬁtﬁi thM3
spirit and scope of the invention as defined by the appended clains. - 6 :
NOV 2003 44 WE CLAIM 1. A conposition for electromagnetic

energy-controlled generation and rel ef®e of a gas conprising: an
energy-activated catal yst capable of being activated by el ectromagnetic
energy, and a,sqll .a _solids-containi ng suspension containing anions
capabl e 2f be?ngggg?gﬁEéanoFOFeBEPEB“F8n5€9%¥%@ege%@rﬁ@hsn ané gedeathe
conposi ti on, YheAtekpasedone ghectompapsehde energy, being capabl e of
generating and rel gasj a ctivation of the catalyst and

oxi dation or re ct?o%hQ?OEgﬁggg%Fo%%ﬁéa%gAP%&ﬁ%5%$t?QﬁFY?ﬁegigﬁt}bﬂ%@netic
ener gy-contr otfed generation and rel ease of a gas conprising: an

energy-activated cahabystceepebd eopf i )M ct romagnetic
energy, and gcr’gr(l)ns cap bl% l(g;é]?lgbei ng %%?g%ﬁi%@a%gy?%&g%e?%te at
| east one gas® eelcered f rontthePf dIf° TDRFEI] et e @rawp di oxi de,

car bon di oxi densisting off oxhberimy dogeidsuldddeon ¢idiHitd nesmonexi de,

hydrocyanic agig,;qdtr i OX] .nitric ide, nitrous, oxide, and

ozone, the COprOSJi.C{%’OI’]_,S %e%rgxxép%glgfelod%’o deJIc Sy MAoxEser gy, bei ng

capabl e of gé’rYéjr%ﬂCi}fﬂjl%cPCﬂéi:easliﬁ@qam arsc iafet, emi taditd watiiden ofitddtus

cat al yst and oxdidatdron cpgor[ee,acttﬂé)rbd}[{postirtqoqpl Qﬂ%n %Ix éscé%rr}%%s&tj;gg%gf or
and re

el ectromagneti c _energy-control |l ed eneration gase “of “at t one
gas ‘conpri Si #&:lnﬁ‘l C@%@F & igﬁé}eéifgte‘zﬂgalw redgasiiadot Heeioag adittervat ed by
el ect r omagnetat iererigy; mctl@:mfdtto%atl&iltyrs!tt %ndobhg%bogbﬂ‘éa@ﬂ'o%”gyl'r t hfe
conposi tion, - t 0 _el.ectromagneti c energy, el ng capable o
generati ng angé%gllggg%%%gh SPINTES: 6 Nov 2003

8. A composition for photo-controlled generation and release

of at least one gas comprising:

a photocatalyst capable of being activated by light,
and

chlorite, nitrite or peroxide anions,
the composition, when exposed to light, being capable of
generating and releasing chlorine dioxide, a nitrogen
oxide, or ozone after activation of the photocatalyst and
photo-oxidation or reaction of the anions.

9. A powder for generating at least one gas comprising:

a core containing a photocatalyst capable of being
activated by light, and

particles or a layer on a surface of the core, the
particles or the layer containing anions capable of
photo-oxidizing or reacting to generate at least one gas,
the powder, when exposed to light, being capable of
generating and releasing the gas after activation of the
photocatalyst and photo-oxidation or reaction of the
anions.




45 dioxide, a nitrogen oxide, or ozone after activation of the catalyst

and oxidation or reaction of the anions. 4. A powder for generating gt

| east one gas conprising: a core containing an energy-activated cat INQV ﬂm3
capabl e of being activated by el ectromagnetic energy, and particles or a

| ayer on a surface of the core, the particles or the |ayer containing

ani ons capabl e of being oxidized or re4tted to generate at |east one gas,

the powdé, whepaswizEnsetbrt el FREMIG QY. f2eing capabl e of
generating and relgp§kﬂ% t he as.a?ggr actf%gﬁﬁ%%lo Fﬁg¥%§f§F§%t and
oxi dation or reaction of 3ﬂ§§%ﬁﬂ%ﬂ¥3§ BhogosaRady stocagehdeatifndpedtng east

one gas conpr R§itagates dor & ight,aiamidng an ener gy-acti vated cat al yst

capabl e of being aglitatgdh le netic energy, and particles or a
| ayer on a surface%ggsthe 50%%?atﬁé§%%2§Pi8|§§r RCEhef| hler cesrt athieng

chiorite, nitPPEEICORS B&r Slrdé axmronsntaheipgwdeloribenagxpased to

el ect r omagnet theepewgyr, behea esapabkergf rafing and rel easing chlorine
dioxide, a njtrogen.oxide oreogone afte%ggggfv%%?%ﬁ %?p?ﬁiecaFalyst and
oxi dati on or %eacglgﬁngfapﬁerSﬁF6ﬁ§F96?h#P€bﬁ90@i©deef@ftphoto-controIIed

generation andckévabien of ahel pastoosealpst CORRI bishHG: o2 RLOL 9gaLal yst

capabl e of bef@gcgggﬁvggeghgyabkgg , and a solid or a solids-contarning
suspensi on containing anions capable of photo-oxidizing or reacting to

generate at |east one gas, t he cpnposition, when exposed to | i ght, being
hot ocat al yst and Shoro ox ot o o bt bt e B "6 NOV 2003
I46 7. A conp&??%%lf%‘r" %@t?j&%ﬁ*ﬁﬁg et d@%ﬂt%tqm fﬁﬂj,m"‘mfﬁﬁn?f daf)
east one gas Conp igasigyerme 10F 8 B S Lo GRNANY 11 Lo P & < vated by
light, and apiong, @apabl e, Rfe POt ondd dizing or ari%?i(:’vtaltrggi%z%f
electromagnetic energy, and anions capable of being
oxidized or reacted to generate at least one gas; and
a barrier layer adjacent to a surface of the gas-
generating layer, the barrier layer being capable of
transmitting electromagnetic energy to the gas-generating
layer and being impermeable or semipermeable to the gas;
the gas-generating layer, when exposed to
electromagnetic energy, being capable of generating and
releasing the gas after activation of the catalyst and
oxidation or reaction of the anions.

12. A composition for electromagnetic energy-controlled and
moisture-controlled generation and release of at least
one gas comprising:

an energy-activated catalyst capable of being
activated by electromagnetic energy,

anions capable of reacting with a protic species
generated during activation of the catalyst or oxidizing
to generate at least one gas,

an acid releasing agent, and

anions capable of reacting with hydronium ions to
generate at least one gas,




generate at | east one gas selected fromthe group consisting of chlorine
di oxi de, carbon di oxide, sulfur dioxide, hydrogen sulfide, dichlorbne
nonoxi de, hydrocyanic acid, nitrogen dioxide, nitric oxide, nitrdu NQVi 2083
and ozone, the conposition, when exposed to |light, being capable of
generating and releasing the gas after activation of the photocatal yst and
phot o- oxi dati on or reaction of the aniths. 8. A conposition for

phot o- cont r ol Itérk gemercatii tiirorgNdvHea] %aé‘pa)se@f t@t Ilg’%%tr glggﬁ]g@ﬁcc rﬁ%%lgtsl n? a
, i*Hrite or

phot ocat al yst ei actlva i g orite
per oxi de anloggﬁpt égggﬁf%5| é%ﬁgxﬁésgﬁn?6aFP§Etan@erﬁéegapagle of

generating an&h@eH@ﬁy@ﬁiaﬂﬂamﬁlwatdw@xodepha BtEQgeR, BYHE#8]1y QA s0zene

after actlvatt@@ gklehg-ggggg a oto oxidation or reaction of
t he anions. A powder for ge t%%g ggdleas9a5ﬁ8nga§ EBABFLSANGL a core

containing a 5H8t88&98§yst capable of being activated by |light, and
particles or a layer on a surface of the core, the particles or the |ayer

cont ai ni pg ani-pas hot 0- 0xj di zi ng or reacting to generate at
| east ongggasTHQ gﬁggg nwﬁg é?b8séd°F06IW§%¥el%th@ gabad| &soh

generati ng anaal§bea§|mgerhemgasra&ﬂeraapblyéiééwk@ﬁy&@e a P&oi pgat al yst and

phot o- OX|dat|@pe@£r5§§gg|ogr % ngldag&?ﬂél - 6 Nov 2003 47 10. A powder
for generating chlorine dioxi de conpri 3T ng: % core containing a

phot ocat al yst capabl e of being activated by light, and particles or a

| ayer onlé. surlﬁaceomﬁ:oéhelﬁﬂr@f &mlmpﬁréf%%@éa{]emecﬂeayseg cgsgt ali ”} ng
e o0

chlorite anlo ntthe $ when exposed to bei nhg capabl
gener ati ng an AR %gs%?ﬁb%??h%n dJr%ﬁrélee‘%H]t%ron ot iy aismendiame
phot ocat al yst and photo-oxi dation or reaction of the anions. 11. A

conposi tgs for nBgnet i ¢ ener rolled generation and rel ease of
at | east one :g%se%%ﬁ%rl SI n%gljl %Ie "g%e%ené\ta}Wg Iy &t GRAirissilng Zan %ener gy-

, Or 12 whereln the catalyst is selected from the
group consisting of a metal oxide, a metal sulfide, a
metal chalcogenite, a metal phosphide, a metal arsenide,
a non-metallic semiconductor, a polymeric semiconductor,
a photoactive homopolyanion, and a photoactive
heteropolyion.

16. The composition or powder of claim 15 wherein the metal
oxide is selected from the group consisting of titanium
dioxide, zinc oxide, tungsten trioxide, ruthenium
dioxide, iridium dioxide, tin dioxide, strontium
titanate, barium titanate, tantalum oxide, calcium
titanate, iron (III) oxide, molybdenum trioxide, niobium
pentoxide, indium trioxide, cadmium oxide, hafnium oxide,
zirconium‘oxide, manganese dioxide, copper oxide,
vanadium pentoxide, chromium trioxide, yttrium trioxide,
silver oxide, and Ti,Zr, 0, wherein x is between 0 and 1;
the metal sulfide is cadmium sulfide, zinc sulfide,
indium sulfide, copper sulfide, tungsten disulfide,
bismuth trisulfide, or zinc cadmium disulfide; the metal
chalcogenite is zinc selenide, cadmium selenide, indium

selenide, tungsten selenide, or cadmium telluride; the
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activated catal yst capable of being activated by electromagnetic energy,
and ani ons capable of being oxidized or reacted to generate at | east one

| gas; and a barrier layer adjacent to a surface of the gas- generati QcNQV 2003
| ayer, the barrier |ayer being capable of transmtting el ectromagnetic
energy to the gas-generating |ayer and being inperneable or sem perneable
to the gas; the gas-generating |ayer, wd8n exposed to electromagnetic

energy, being wapabl shefpgeasr aki el easing the gas after activation
of the catalyst andllgoxi%ati on orﬂrg%g%nrgi%lﬁlos ehJt#%’ dfioietab ansepigesition
for el ectromagh®tF2L EHEP gIE e <ol | ee aren - mati sl lure -scont et dwesk ggengs at i on

and rel ease ofsilit¢@astsibheoaSaf®ims | SdNGioR ?ge(r -.activated catal yst
capabl e of beifg,,A¢dl val gggexbrXa el ect re(;]trﬁggin,et? c ‘erer ﬁl}ﬁfor%e%%%'% of
reacting with a protic speties geher R rgeaddlvmsor of the catal yst
or oxidizing S¥gatErtcntis qastyaretyame ;an ke ighotelagasiveg agent, and

ani ons capabl eixcodgasdd igh Wd Ry hydroni iQns to enerate at | east one
gas, - 6 NOV 20 3%8%% h,le co,rrposlp%gfon’, awr?er?%eexﬁ%‘f&? 1% ct r onagnet i ¢

energy and mOSRECIBEIHY isapdhiQo 0f Qfedeladi,ng wietaiel easingi t e gas
after activatiCen & darhesGataligstvo diol wsiys n0f 5 the aeld teleasing agent,
and oxi dation4gr reaction of the anions. 13.n’ Tﬁe corlr%gg telrorj;lﬁ&m gl &°m 1 or
6 wherein the solid is a salt, an inert material, a polyelectrolyte, a
solid electrolyte, or a solid solution. 14. The conposition of claim1 or

6 wherei n7t hergal LdgwocRL &LNLDI nsi.on_is an epul sion or a dispersion.
15. The conposition or Qo&ﬁgr IO(E)'lf pgh&éegngfo?ngl‘a’lq?rsoﬁ,cé‘?lﬂ? 15,4116, 0r 12

wherei n the cdtalyst Ofs13el vbeseifr bhet Ariogs cape coabest AYE Pbmar ABL al

oxi de, a metagrsupfcdasiacinBt ak chabeogeni feqyfeELal (P gsﬁhi de, a netal
POl yTer i ¢’ semt tonductor, a

arsenide, a -metalLli.c se onductor, a
phot oacti ve ho gf)%ﬂ}ghilgﬁ,’ ﬁ%%édﬁholﬁ%ﬁ%ﬁ%rimx exyopol ¢ on.

bicarbonate, carbonate and nitrite.

18. The composition or powder of any one of claims 1, 4, s,

9, 11, or 12 wherein the gas is selected from the group
consisting of chlorine dioxide, sulfur dioxide, hydrogen
sulfide, chlorine, dichlorine monoxide, hydrocyanic acid,

carbon dioxide, nitrogen dioxide, nitric oxide, nitrous
oxide and ozone.

19. The powder of any one of claims 4, 5, 9, or 10 wherein
the layer is continuous.

20. The powder of any one of claims 4, 5, 9, or 10 wherein

the layer and the particles are on the surface of the
core.

2l. The composition or powder of any one of claims 6, 7, 9,
or 10 wherein the photocatalyst is selected from the
group consisting of a metal oxide, a metal sulfide, a
metal chalcogenite, a metal phosphide, a metal arsenide,

a non-metallic semiconductor, a polymeric semiconductor,




16. The conposition or powder of claim15 wherein the netal oxide is

sel ected fromthe group consisting of titanium dioxide, zinc oxi dg,ﬁ NO
tungsten trioxide, rutheniumdioxide, iridiumdioxide, tin dioxide, v 2003
strontium titanate, bariumtitanate, tantalum oxide, calcium titanate,

iron (I11) oxide, nolybdenumtrioxide, niobium pentoxide, indiumtrioxide,
cadm um oxi de, haf ni um oxi de, zirconi uAPoxi de, manganese di oxi de, copper

oxi de, vanadiarppendaxt tee htiOBdLFakTdOXT A8 Y. HU% iQxide, silver

oxide, and Ti X4t éea?&%%}e |nx 'S etweenOandtgfld ‘:t"jlé‘gt< sulfide is
cadm um sul fide, zi id i ndi um sul fide, copper sulfi de, t ungst en

di sul fide, blsrruthtrlsulflde or zinc cadm umdisul fide; the netal

el ent do br Cari oS Rt o MR SR UG g5 st sRGsmetad 1o
i ndi um phosphi< d‘eLrHet He msls C%&ﬁ% thes graiup wonaiisedinde pft e tagn-uret al | i c

sem conduct or dmxmid | eihe YAideon thfgglt@@l i agond, ggé Bllgm ger mani um
't he, pol ymeric senicon

di oxi de, or i mteII rlde
pol yacet yl ene %E(Qd%riotl(ﬁ W 031050l Fani QHO?{édW_O@BZDntiumnd t he
phot oact i ve ﬁéﬂ‘-@m@;t@l y e itusn XNt2G4een @anxaw&m@;mem@a%muea is B, Si,

Ge, P or As, Mik§ Q(Qor W inte froml to 12 17. The
conposi tion or Eloé\l/dere f anng%g of% ‘?LP ?ygﬂen%m Egioxideqr niobiker i n

t he ani ons ar BESEPEEEEd ﬂﬂémutnhérlgmdp,cgaémsumngxbcﬂephh@fniﬁm bksykfite,

sul fite, hydrasptbhdam @bthfiedemahéa%glaoéhéﬁld&ya@é [ bonat e,
car bonat e and %hgrlte ﬁ 05|t| on or powd ]1? %he of clains
1, 4. 6, Ythagu szﬁBEPéﬁ ey hghn Ehgamipe &iestdel fybtmrim grmlde

consi sting ofschVerl ogidepxada, Ts,uhf uo, ddzl@éﬁtéiﬂ—i Ay qaae syl 60;9&1 1
chlorine, dic r ani c carbon di oxide, nrtrogen
tEIIIIQ \lnélgafDQQfEQSe lox?%(g‘XJalﬁra %%I#ﬂ,d ,1921%651“@”3? 9

di oxi de, nitric _oxide, nitrous +of any one
of clains 4, Hndfumosulbidmerepppet heul fids, i turedd i uDiusu 1 24e ,The powder

of any one ofbTémi R éméul@ldé” 3P et el land e 4.8 2pd the prr?étta'lfl es

are on the surfalce of the
cogenite is zinc selenide, cadmium selenide, indium

selenide, tungsten selenide, or cadmium telluride; the
metal phosphide is indium phosphide; the metal arsenide
is gallium arsenide; the non-metallic semiconductor is
silicon, silicon carbide, diamond, germanium, germanium
dioxide, or germanium telluride; the polymeric
semiconductor is polyacetylene; the photoactive
homopolyanion is W,,0,,*; and the photoactive
heteropolyion is XM,0,,™ or X,M,,0.,”" wherein x is Bi, si,
Ge, P or As, M is Mo or W, and n is an integer from 1 to
12.

23. The composition or powder of any one of claims 6, 7, or 9

wherein the light is ultraviolet light or visible light.

24. A method of retarding, killing, preventing or controlling
microbiological contamination on a surface of a material,
within the material or in the atmosphere surrounding the
material, comprising placing a material adjacent to a
composition that does not release a biocidal gas in the
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wherein the photocatal yst is selected fromthe group consisting Qfﬁmw nm
oxide, a nmetal sulfide, a netal chal cogenite, a netal phosphide, a
arsenide, a non-netallic sem conductor, a polyneric sem conductor, - 6 NOV
2003 50 a photoactive honopol yani on, ang a photoactive heteropolyion. 22.
The conposition or powder of claim?2l1 erein the netal oxide is selected
from the groupbeensiesdfng lef tiricrannemi cdieasirge, ghACeR¥bdengt Hpgst en
trioxide, rutbemibb®ididq 48, ki di ioxide, tin dioxide, Strontium
titanate, bariu btitlar%ate, tg%FS?E§E%§P8 1C BPErgH CPi gaRaratei apd (111)

oxi de, nol ybdERuRPERi 8%i deaski ebeuliopédadxgde, frodi the t cbapbger 16adni um
oxi de, haf ni umowni dae azhbepReWE QXF88unFBR e.di oxi de, copper oxide,
vanadi um pent oxi de, chroniun1trioxide,u§ttr$3ﬁ§§rT%§$ﬁ%?f'siIver oxi de, and
Ti.Zr1l X02 wherein x is between 0 and 1; the netal sulfide is cadm um
sulfide,ziincAsmﬁthdé,ofindtand$n§fiﬁﬁev@ﬁ%&ﬁ@,Eﬁﬁﬁigkhiﬂéw$?ten di sul fi de,
bi smuth trisubdhdss] PEnZi BE ] disul fide, the metal ~chalcogenite is
zinc sel enide, cadm um e?%%?@%@lgﬁ%i%%?O@%ﬁ%&ﬁ%ﬁﬁ PurigsTeE aes evd de, or
cadmi um t el | UPReReYi2heor ngi Ghiphbkehhateetsal nebmye iiosp b Ides 1 ddne: et al
arseni de is gatdiiun asgeabaR: they n@&ﬁé@é lic i conductar 1s _silicon,
silicon carbide,. diamon ,lggr mani um g rnplﬁ%%udrﬁ %‘?aorpxi S &Otg&%aefﬁﬁﬁn
telluride; thee%%?wjr%a SETT TR 1 1 ntpidtiyrdast weenen tihe Hindeand | ve
horopol yani oref sel\ﬂsﬂﬂr’:lﬂnaﬂgnetﬁl%ﬁéﬁgﬂhcﬁrﬁﬁ@ﬂp%in@ett%reow%o%lé S ML2040
or X2M38062' M%ﬂé}%g Lo i Sapa R tP or As, Mis M or and n is an
integer from1l to 12. : € co%orsq%i &ngr?rneﬁ@\}%@elangf rgdpaste a6t clains 6,
7, or 9 wherl&afh e iyinchemidal adaingiodiitgbhn -ahndibsithlng Ha@hterpg. A

met hod of retdedidGnpddidi1d19,; i r.controlling ..mcrobiological
contani nation on a Surface cﬁléyézﬁggiégﬁaggﬁﬂFﬁiﬁufﬁguﬂgﬁ89i§%ebr in the

at nosphere sm’art(?lfﬁﬁlng the material, conprising placing a nmateri al
adj acent to a conposition that does not release a biocidal gas in the

core. 21. The conposition or powder of any one of clains 6, 7, 9, or 10
t
al

26. A method of controlling respiration of a material
comprising placing the material adjacent to a composition
that does not release a respiration-controlling gas in
the absence of electromagnetic energy, and exposing the
composition to electromagnetic energy to generate and
release at least one respiration-controlling gas from the

composition into the atmosphere surrounding the material.

27. A method of deodorizing a surface of a material or the
atmosphere surrounding the material or enhancing
freshness of the material, comprising placing a material
adjacent to a composition that does not release a
deodorizing gas in the absence of electromagnetic energy,
and exposing the composition to electromagnetic energy to
generate and release at least one decdorizing gas from

the composition into the atmosphere surrounding the
material.

28. A method of retarding, preventing, inhibiting, or

controlling chemotactic attraction of an organism to a
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2003 51 absence of el ectromagnetic energy, and exposing the
Soggg;ition to el ectromagnetic energy to generate and release at_]saﬁbv%&ﬁ3
bi oci dal gas fromthe conposition into the atnosphere surrounding th _
material. 25. A nethod of retarding, preventing, inhibiting or controlling
bi ochem cal deconposition on a surface of a material or within the
mat eri al conprising placing the naterléﬁ adj acent to a conposition that
o1 ol oot r OGBSty et iaearbg Che. cateainLl 89a88he) Bel Bonagnor ¢

i rQy, 0sing t! '
cner gy 10 generareand Tl iate BRI Fe1Ra5E Benerpeanasking sas or

- - . : . - - - her e
deconposi ti onﬁPnﬁfiHirrmgltg&élerl@m gelse ioonhesabkencénbe the atnosp
surrounding  beectmbekialr 20 onl-BY! haflaol,a801 1ol L) nd ges%%g_t}%gnﬁgf 2
material conprisin acing the maferial ajac_e%t 5 T8 oh® that
does not rel easgc‘érgg‘gﬁpﬁﬁf‘goﬁnéﬁiﬁ 6P| gAgeyate| gngithe%a@s?nae géastr:]eti .
el ect r omagnet Peeengogymaardngxpasi 8¢ b86r-£LNPPSI L oﬁ?%oﬁférél ’]Ul?%g e

ener to gen re sg.at ] east one respirati I TP
fr omg%/he gorrg%[g#tsf’gﬁg?ﬂt ghﬁﬁegg? nﬁgtﬁﬂiﬁpge’_é%r?%W’?Fb“}ﬂhetl’#mtf@lﬁanalﬂ. A
met hod of deodorizing a surface of a material or the atnosphere

; i i ss_of the terial,
ig:r{)?rggmnggpfgg}] é@lﬁgdil @f e??gfgf&gggh%?é%rgé%oon%ocﬁ%rﬁrfm does not
rel ease a de]%la%f‘?gd?l%fg%%n?%m%% PR e eatbfa whamnhraormgredp ol seinef gy,  and

. he i | tohe t @omb &6 f DHRUNSd 16 NS, 1 I]NES and rel ease
:;(DIOZ:'AQ? E)ne %@%éi gﬁs@i‘)é om t he conposi ting;)némlt nt o SEERQ ’%yermsophere
surroundi ng the naﬁer%%ﬁ. SHASE (it _ t QQQEQQﬁQQiaﬂﬁﬂﬁﬁyﬂggﬁﬁs 3

i nhi bi ting, drowdre otdnipms dhienotiantd ciat tataidpdRref saf RiGRNIMER a

NOV 2003 52 ddRid i iofOMPrising placing a nmaterial adjacent to a

conposi tion that does not release an odor-nasking gas or an
odor-neutralizing gas in the absence of electromagnetic energy, and

€Xposi nGot.ne Acameesd IoM reta 96, YRGS GoCRE" 9%t 95080at e and rel ease
at | east biological contamination of a material comprising placing
the material adjacent to the composition, and exposing
the composition to electromagnetic energy to generate and
release at least one decontaminating gas from the

composition into the atmosphere surrounding the material.

31. A method of retarding, killing, preventing, or
controlling microbiological contamination, or retarding,
preventing, inhibiting, or controlling biochemical
decomposition on a surface of a material, within the
material or in the atmosphere surrounding the material,
deodorizing a surface of a material or the atmosphere
surrounding the material, enhancing freshness of the
material, or retarding, preventing, inhibiting, or
controlling chemotactic attraction of an organism to a
material, comprising placing a material adjacent to a
composition that does not release chlorine dioxide gas in
the absence of electromagnetic energy, and exposing the
composition to electromagnetic energy to generate and




.{ one odor-maski ng gas or odor-neutralizing gas fromthe conposition into

t he at nosphere surrounding the material. 29. A nethod of retarding,
preventing or controlling biological contam nation of an at m)sphe’fg NOV 2003
conprising exposing the conposition to el ectronagnetic energy to generate
and rel ease at | east one decontam nati n% gas fromthe conposition into the
at nosphere surroundi ng the conposition. 330. A method of ret ardi ng,

preventing or ¥dhea®t| thorbhel dgoride cons apdsatdn %mﬁ%ﬁééﬁi&%&posi ng

conprising pl achdththdSoHBEET L jacent_to the conpo
the conposition to el ec rorragn‘g%lr%gllé%ér?%ytrfeo 'Efé%‘?é?’ét]e and release at |east

one decontam nating gas fromthe conposition into the atnosphere
surroundid¥y t e matlesd abf Sdta@Ims hag 10f s Jpt arding, killing, preventing,
or controlling iy ct;ioq1iool ogical i(%\tﬁ% n,altr{ggn%r%rv &gdioﬁg,%o%ﬁ”é’@émqgwg,
i nhi biting, or control 19y bi StHEAREIAL iRse empesisvirdmcen of sunfsaee-iefl
material, wt er*iihtlhre thetertietiadr o itrhe hat %%@%h%ﬁéugﬁf}%gqu?&qn%h%he
material, deedediNg asyfia6e.0f @ material or the atnosphere
surroundi ng the material _ Gnhancihg AcedfndsTaseripd agapeensl toor

retarding, prE&PERCSAGIAMENGL degs oot cedenskl Bnpiehenntaghiciat LLaction

of an organi sabkenae &#E ehilgdl, GRARPELSI l acing a material adjacent to a
conposi tion tpat _does not JJrg%l ease'a}gr%lkghggggd?g?i g%“‘aaélFﬁOHt he gb@@ﬁce of

el ectromagnet r¢ anergf - afifi%¥5dEPH§ Bheleashponetbboctdatl gatr epagnetic

energy to genthat ecapdskti6bnNDdt3008e53tmbebRasE Shl-PLing; dioxj de gas from
t he conposi tirqgt%?ggl t he at nosphere surrouﬂfj]di ng t epé]%ﬁ(g%?%l &‘%2. A net hod
of retarding, killing, preventing or controlling nicrobiological

contam nation on a surface of a material, wthin the material or in the

at nospher®. sunraetdbAdot heer FREEF 4 al Qoprising placing a material
adj acent to a cogpoﬁjti on t hat gp%'s pn%% ggg?%ré%’egléﬂbﬁa%’cq Yas in the
absence of |igMtTIntl B pBsPRderheat olposinosit tan ldmght surfgenesate and
rel ease at | eesteniel hboci tohigasnd M etihg %Egﬁ%ié'i on into the atnosphere
surrounding the JRferial,, 33, A nethod of retardin 105 KIS, ERni bi ti ng
or jacent to a composition that does not release

a biochemical decomposition-inhibiting gas in the absence

of light, and exposing the composition to light to

generate and release at least one biochemical

decomposition-inhibiting gas from the composition into

the atmosphere surrounding the material.

34. A method of controlling respiration of a material
comprising placing the material adjacent to a composition
that does not release a respiration-controlling gas in
the absence of light, and exposing the composition to
light to generate and release at least one respiration-

controlling gas from the composition into the atmosphere
surrounding the material.

35. A method of decodorizing a surface of a material or the
atmosphere surrounding the material or enhancing
freshness of the material, comprising placing a material
adjacent to a composition that does not release a

deodorizing gas in the absence of light, and exposing the
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controlling biochem cal deconposition on a surface of a material or within
the material conprising placing the material adjacent to a conpositjan
that does not release a biochem cal deconposition-inhibiting gas i"né tNOY 2003
absence of |ight, and exposing the conposition to light to generate and
rel ease at | east one biochem cal deconposition-inhibiting gas fromthe
conposition into the atnosphere sur r oundi ng the material. 34. A nethod of
control ling reSpipasibhonfta bhgkti ab g&REP4E ST gy pkacd Nl the it eri al
adj acent to a &@&@&si%i,‘q? %Qagrdoes not release a respirati or- Tont rtei ng
gas in the absence of 1TgRt: anhd"expostHIPEHE Ihpodia i tdre tatmdsmindre o
generate and r¥fEERENGing calte makersshiration- controlling gas fromthe
conposition into the atnosphere surrounding the material. 35. A nethod of
deodoriziyyg a surface of a material or the atmosphere surrounding the
mat erial or en a{'ﬁecqﬂh%d T EHRIdiRg , (DReRittaimical | inddiyiniisiglg o aci ng a
material  adj asertralol ing aposd td@ d hatt 4e8s Le . deodori zi ng

- B R/ 25003 e hs

gas in the absgncs.;aof; |i and exposi,ng the 6 NOV . osition to
light to generate ai%fdl T ecIQJeH se A c a Jesesirdi ndigesentr 6m ehe

conposi tion i FOFRAFE farodpiedr slossumanundilegsehannatieri aksk3fy 4 method of
retardi ng, previeddrdna it r, .controlling che actiC attraction
of an organismto a nateri al’ o c 'm?%lssil(rfllg@%Fagﬁﬁﬁggenﬁgﬁilgg“tadﬁ‘ééent to a
conposi ti on t AZPCF3ES hGE COrPLsd tamnoder laagbki hg gasepateadnd release
odor - neutral i 2tndegas bhet beloabsRBRKS naf Gh5IBL. . yng.the
conposition te ingmlet% ener.at.e and rge ease ggggeggégg%%l%afﬁ-ﬁﬁ@ki ng gas
or odor-neutraf i 2i rg “gas" PPFom tHe 1B6APEEFt ABROFRBST e heunt susphegethe
surroundi ng tHetemaeérial. 37. A nethod of retarding, preventing or
controlling biological contam nation of an atnosphere by exposing the
conposi H;?n to Iight to_generate and rel ease at |east one decontam nating
gas from fhe LoRpbEPHi 8A FAtardhag, apresphe: ey sor raumnetisoL {/he conposition.
38. A nethod bfolesaedi ngonkihthagioRr S¥eN] | control1ing
mi crobi ol ogi cal contan nation, or retar di%tgl:;,gﬂ'-“qméghere by expdFing the
position to light to generate and release at least one
decontaminating gas from the composition into the

atmosphere surrounding the composition.

38. A method of retarding, killing, preventing, or
controlling microbiological contamination, or retarding,
preventing, inhibiting, or controlling biochemical
decomposition on a surface of a material, within the
material or in the atmosphere surrounding the material,
deodorizing a surface of a material or the atmosphere
surrounding the material, enhancing freshness of the
material, or retarding, preventing, inhibiting, or
controlling chemotactic attraction of an organism to a
material, comprising placing a material adjacent to a
composition that does not release chlorine dioxide gas in
the absence of light, and exposing the composition to
light to generate and release chlorine dioxide gas from

the composition into the atmosphere surrounding the
material.




preventing, inhibiting, or controlling biochem cal deconposition on a
surface of a material, within the material or in the atnosphere
surrounding the nmaterial, deodorizing a surface of a material or ‘tﬁeNOV 2003
at nosphere surrounding the material, enhancing freshness of the material,
or retarding, preventing, inhibiting, or_ controlling chenotactic
attraction of an organismto a materi ap? conprising placing a materi al

adj acent 1% a A cesigosd tfon phatides it F&l18a6 6 Fhl Y. |Oxide gas in

t he absence ofgdd gggmpdrairgdi posing the conpositi ont!ilta(;gEJ {E’f\fgh £ toeagse‘ﬂé?‘%ﬁ e
and rel ease cﬁL rine “dioxi'de gas from the conposition into the atnosphere
surroundi ng t hé’ REBFHHING -a GNAM 2002 51 i3 cAntetiRkedof ey ding

control |l ed relcease i6fi dre > ri_sing: . (a) providing a solid
oiriId orb e e éccggtt%glct% ngcazﬁag'ﬁér d @i PRCed cat al yst

or a soli ds-c%géglbgi ngu;gqs ensi on
and ani ons capabre ot DxPdidegdoorr sgactddt boggraratecatt! easktr one
gas, and (b) exgogiasg Emel solid or the solids-containing suspension to

el ectromagnet ig)epel - ivate the catal yst and oxidize or react the
anions to generéte E%ﬁlh%el%gltgs\éotlﬁg 85s.t%30?’° 148t reatrdRipgovi di ng

control | ed gefEPRENGACANEOr eleaseomefnat ibeantrgper §agcEOIRELSLAG: (2)
providing a sehtd19Etaasgl bdsygoant gi-ni uspension containing a

phot ocat al yst agd ani ons capabl e o?kpﬁggg- % F of 21 PY° oF O r BEREF RGeSt Bnd
generate at |east®8fetg§8s928nd (b) exposing the solid or the

sol i ds-contai ni ng suspension to light to activate the photocatal yst and

phot o0- oxi gli zey tethe anions to generate and release the gas. 41. The
met hod of cl ai fﬁ‘%@ﬁ%@ O FRFORE l?%c?‘gfa??@llaﬂ fergrgt iqm)anderstensé c) of
preventing el%%tﬁ“'onh@@%ti@nen@agycmprisigm; fromcontacting the solid or

the solids-coppaigidgig pengi to.stop or, mnimze generation and
rel ease of the Eg_*s from?he id()) ?% Cgrr &fh%]s]oqs['cfs@é:(ﬂﬁ% P SREpE on.  42.
The net hod of “THaA TR YT frRRREFCGHE idithrraf teori steema(pelble of photo-

oxidizingvor reacting to generate at least one gas, and
(b) exposing the solid or the solids-containing
suspension to light to activate the photocatalyst and

photo-oxidize or react the anions to generate and release
the gas.

41. The method of claim 39 or 40 further including after step
(b) the step (¢) of preventing electromagnetic energy or
light from contacting the solid or the solids-containing
suspension to stop or minimize generation and release of

the gas from the solid or the solids-containing
suspension.

42. The method of claim 41 further including after step (c)
the step (d) of exposing the solid or the solids-
containing suspension to electromagnetic energy or light
to resume or increase generation and release of the gas

from the solid or the solids-containing suspension.

43. The method of claim 39 or 40 wherein the solid is a
powder, a film, a coating, or a fiber.
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the step (d) of exposing the solid or the solids- containing suspension to
el ectromagnetic energy or light to resunme or increase generation and

rel ease of the gas fromthe solid or the solids-containing SUSPG[L;;‘T]'PQ)OVA'%M

The met hod of claim39 or 40 wherein the solid is a powder, a fi

coating, or a fiber. Lr 6 NOV 2003 56 44, A process for preparing a powder
providing controlled sustained rel ease ¥ at |east one gas, the process
conprising: adm xing an energy-activated catal yst and particles containing

ani ons capabl eaoprbekpng exi-dihz . _reacted.to generate at |east one gas
with a solvent_to form.a sus%e% ?%%?gaﬁdp?‘ﬁﬁjﬁfn@r‘a"b@WrC@m*@mlhed

suspensi on, t h& PoBFY hWReR2ERpEEedtt beabeconomnpganet iie eSS s bei ng
capabl e of genevmprigimagsed rel easing the gas after activation of the

catal yst and oxi datéé)rpi}g{ reaction of the anions. 45. A process for
preparing a powdetr provi dP g R oTEFEIY BRFt kiated meat algteasmdipatc { €@asg one
gas, the procesFtEoming shmipnades pa e a0 P QAL Yt article

contai ning arjeisrddiats@rees acpAee of phat o- oxXi di zlﬁlgze?q’rrgd:ﬁaﬁtgecfoto
generate at |east one gas W ih a SolEhtVid forhlyerdusserfsizon:a and form ng

a powder fromst“’l’?é’eﬁ?slﬁ%}‘isi%%ﬁ t he powder, when exposed to |ight, being

capabl e of gener atiowgiarf 4 JRARNELRE 935 RLleractivation of the
phot ocat al yst t%gdgpk&,%te - OXIi dgjti on or reaé:tgl%or?%gpepﬁéonani ons. 46. The
process of claim && “0F t45 X3 &7Pse8 sar eilecs romagnesakt enebget edefigm t he

group consi stFﬁ@a@ﬂea@falgleaxleiratrielk_;alan@h!r@'i%b%in?”tﬁlekgggngf arth metal

chlorite, a gbkokibte 52 a transition nmetall ion,~a pro ohat ed
primary, secondary orotﬁeHEi gfrhf SRR ,ys%r agdggai€rhapy cunreectannabkal i

metal bisul fi F8® 8RigPRal i ne-earth metal bisulfite, a bisulfite salt of a
transition netal ion, a protonated primary, secondary or tertiary am ne,

or a quggernﬁrlgran‘i ne, .an al kali metal sulfite, an alkaline
: ocess for preparing a powder providing controlled

sustained release of at least one gas, the process
comprising:

admixing a photocatalyst and particles containing
anions that are capable of photo-oxidizing or reacting to
generate at least one gas with a solvent to form a
Suspension; and

forming a powder from the suspension,
the powder, when exposed to light, being capable of
generating and releasing the gas after activation of the

photocatalyst and photo-oxidation or reaction of the
anions.

46. The process of claim 44 or 45 wherein the particle is a
salt selected from the group consisting of an alkali
metal chlorite, an alkaline-earth metal chlorite, a
chlorite salt of a transition metal ion, a protonated
pr%mary, secondary or tertiary amine, or a quaternary
amine, an alkali metal bisulfite, an alkaline-earth metal
bisulfite, a bisulfite salt of a transition metal ion, a
protonated primary, secondary or tertiary amine, or a

quaternary amine, an alkali metal sulfite, an alkaline-
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W6 Nov 2003 57 earth netal sulfite, a sulfite salt of a transition netal

' ' ' I ne or a quatefnar
a protonated prinmary, secondary or tertiary amne, . t .
g?nn’ne gn al kal i rrgt al sulfide, an alkaline-earth netal sulfide, aésND%ZMQ

iti ' ' dary or
f a transition netal ion, a protonated primary, secon (
fgltigry am ne, or a quaternary am ne, al kal i met al hydrosulflqsz an
al kaline-earth metal hydrosulfide, a hydrosulfide salt of a transition
metal ion, a pFBFBﬁaﬂééalpﬁpﬁéﬂyﬁ,secenﬂﬁﬁyeogalgréfagytgghg%tﬁgﬁaﬁetal

I n ' tal.nitrit an.al kal i ne-eart al
ATri e, A nigpts SaTt Or G LraRSH RO nEPaPIToR & HFER oREY campnear y,

3 a ryopmjne hsayiamene] anl 8l&a) i aAet al
ondary or t@rtfafy2hRFRBLY ofMane quak ed . :
hypochi of i te, abkahikeleaetkantbanresal hoOCH 841 £ 8 A byPOShl 07 te salt of

iti ' eftiary anine,
a transition opated primary, secondary - or
or a quaternapﬁﬁﬁ%g?oﬁﬁngﬁggl 190t A PTeyRIf R Rifired kel | seceada by net al

cyani de, and & ¥Fakiee argbmg, obr aa tqaantss FriOfy Metidle | Qh £ YO Qhat e

primry, SeCQ‘[}ﬁ@ﬂ‘d’s@Ifi@é:‘ 'é”rﬁyaﬂ-[‘alrﬁ%e—Oéar%lglfnaettearln%{yydr%@unlefide, a
hydrosulfide salt of a transition metal ion, a protonated
primary, secondary or tertiary amine, or a qguaternary
amine, an alkali metal nitrite, an alkaline-earth metal
nitrite, a nitrite salt of a transition metal ion, a
protonated primary, secondary or tertiary amine, or a
quaternary amine, an alkali metal hypochlorite, an
alkaline-earth metal hypochlorite, a hypochlorite salt of
a transition metal ion, a protonated primary, secondary
or tertiary amine, or a quaternary amine, an alkali metal
cyanide, an alkaline-earth metal cyanide, and a cyanide
salt of a transition metal ion, a protonated primary,

secondary or tertiary amine, or a quaternary amine.






