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el ectromagnetic energy to provide controlled sustained generation and
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contamination (e. g-. bacterla, fungi, viruses, mold spores,
algae, and protozoa), decdorizing, enhancing freshness, and/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 compounds.
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

o Lkt e
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1804 0RF B °F8 SEBRUF 5RgBTs Chhed CRRBTL b AFRER FOT AR PO cont . (con

508t a1lk8YdMatthews, U.S. Patent No. 5,244,811, and Zhang

., U.S. Patent No. 5,501,801 (methods for photocatalytic

oxidation of organic contaminants in a fluid by contacting the

id with a photocatalyst-coated surface to decompose the

10 contaminants); Tanaka et al., U.S. Patent No. 5,658,841
(conversion of organics to carbon dioxide by exposing a liquid
to a|photocatalyst); Heller et al., U.S. Patent Nos.

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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conponent
ure during production, storage and shipment to prevent

ture gas generation and release.
There is a need for an inert composition that can be
ily activated to initiate generation and release of
20 chlorine dioxide or another gas in use. A composition that,
t for the anions therein for generating the gas, is
sed of and reacts to provide residues composed of only
ances usable in foods, or those generally recognized as
, or inert substances, is particularly needed for food
25 packaging, modified atmosphere packaging, and other
applications where the substances can be ingested by or in
conttct with humans. Although the Wellinghoff et al.
moisture-activated compositions are effective biocides and
deodorants, there is a need for compositions that are more
30 readily manufactured, easily activated and deactivated to
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
atmospheric moisture. There is also a need for a composition
35 that| can generation and release a gas when completely

encapsulated in a hydrophobic material.
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and rel ease” of as, and easily transported and stored prior to use
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al so aundegd tohtaolQER Dixt lsmuaariéaatcdmntg@iﬁ atiitpirangkdch@ase a gas when

conpl e%n%.'n&te%r,]c%%%@sa}t %%.ylsrl % Qﬁdr%orh?n%n%hs a t'eq:l 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 ‘fg
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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electromagnetic energy, and anions capable of being oxidized
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

reaction of the anions. Preferably, the anions are chlorite

controlled sustained generation and release of at least one

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

capable of generating and releasing the gas after activation
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electromagnetic energy to activate the catalyst and oxidize or
react the anions to generate and release the gas.
20 The invention is also directed to a method of retarding,
killing, preventing or controlling microbioclogical
‘ contamination on a surface of a material, within the material
| or in the atmosphere surrounding the material, by placing a
‘ material adjacent to a composition that does not generate and
| 25 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
} 30 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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to generate and release at least one deodorizing gas from the
composition into the atmosphere surrounding the material.
Another embodiment of the invention is directed to method
of retarding, preventing, inhibiting, or controlling
chemotactic attraction of an organism to a material, by

plac
generate and release an odor-masking gas or an odor-

ing a material adjacent to a composition that does not

neutralizing gas in the absence of electromagnetic energy, and
exposing the composition to electromagnetic energy to generate
and release at least one odor-masking gas or odor-neutralizing
gas from the composition into the atmosphere surrounding the
material.

The invention is also directed to a method of retarding,
preventing 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.

Yet another embodiment of the invention is directed to a
method of retarding, killing, preventing, or controlling
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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
of transmitting 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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In accordance with the present invention, it has been

%
i contadining an energy-activated catalyst and anions when the
‘ 20 compgsition is exposed to electromagnetic energy such as
visible or ultraviolet light. The anions are either oxidized
by tHe activated catalyst or reacted with species generated
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
decomposition 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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aniofl source. hen the composition is exposed to

electiromagnetic energy, the energy-activated catalyst is

activated and the anions are oxidized or reacted to generate

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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protozoa, and viruses on materials. Although the compositions

generally provide controlled sustained release of a gas, the

20 compositions can be formulated so that gas is released during
less|than one day if desired for a particular end use.

The composition can be a solid, such as a powder, film,

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

suspension (e.g., dispersion, emulsion) depending upon the

25 °  intended use of the composition. In a preferred embodiment,
the composition is a powder as shown in Figure 1 comprised of
a plurality of particles 10 including a core 12 having a layer
14 oh an outer surface 16 of the core. Alternatively, the
composition is a powder as shown in Figure 1b comprised of a

30 plurality of particles 18 including the core 12 having
particles 20 on the outer surface 16 of the core. 1In another
preferred embodiment, the composition is a powder as shown in
Figure 1lc comprised of a plurality of particles 22 including
the tore 12 having the layer 14 and the particles 20 on the

35 outer surface 16 of the core. The core 12 comprises an

energy-activated catalyst. The layer 14 and the particles 20
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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

ecof. andonetapabl ectifl Hedhy AN BPUhd ecbrdtdended use
In_a preferred enbodi nent, e(éh C,OQOSI'[J on js a powder. ;
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and substantially uniform a particle 10 or 2 having a discontinuous |ayer

14 of vari able thickness provides acceptable, sustained rel ease of a gas.

The powders pref rably are about 50 #hgstrons to about 1 mllineter in

size A po gr of the inveption preferably conprises between 10 about 50

W . % ahidcalotit 299268 QL. 461 2PRE e P SRR Patal yistertand bet ween

about @abdriwl %sacH about shlfate% af z@olin,ceomia aflionsiwepedhered being
oxidiz e | yat ed I r,.reacted wth.s i ener at ed

duri ng‘ggclt?it\:/% i%ﬁg&&%’t ep(?g%tg??é?trtogy&een Tt : &g Efslfe:tﬁw%gﬁ pref erably, |
15 betgkrachboam €Oh¥AeweanaidBogrrgs YWe% ofr tthewrfaapantacta veobild |
cit al yeiedfEoDpt uesp 2bABMes Whek aRd BAYH A0 WE%nmof | Proour ce, |
and m)ste effgiabl,y, bet vvegn abgut 86@?\&_.%and a%é?ﬂ 9(661'\1/\%?2/1?’_01‘_ tﬁe

ener gyS@ttivEP LUt £8P al yEReRnGRepEPTIROS LAHGR 16 it SRISE “ARARR ARG . o of

tﬂe ansespensiocn, QOS)Mendlt'Lbeopﬁlwers_ ii% @(gﬁ@@éitotgi fﬁrz];tzrnoraagwlxhtﬁi@ﬂﬁr ay,
the epergy-actiy o activated and the anions on the
surf ac:éS%? ?ﬁéé c%ﬁ%ggﬁeg%‘g i %?’ggggc%ﬁolrn%act% t&? t%glegeerﬁﬁrﬁyé ac}fd‘%%?(gase t he

gas. \Wanalysuspensiuspendedxpostliet sodhgdiaromadngicwdeanaragy,be 25 t he
er gyraehidat £grcakalyst, | dy2aki i aketnilh Helpts] }di zed or reacted
:g\llélth spgg{ns eﬁgrg%eh%guri n exj‘(’:,it tior} ofu%?he cgﬁ{al%fs%{o generate the

_gas, aPdveheahby hiendieg ther 804k HE -Susp&iditoPaditd dlese| e £ hany
. SOUr ceefOPGRL ALPPvabea@nsathal sar pagapahlless .of being 30 oxidized by the
activated gt a%g i or E_Eactfed wi_t h_species .dener ated duri r{?%exci tation of
the catal ysPUt 5 fiePALESaTHAs USEaRShé T SRR SRMISSISI 1 Bh. 2 An anion i s
capabl elk&lbemagaloxhiibrétdeby ahhe l&etlivet-ed et alerstl tohlgenidreat eea gas if
| ts oxidati niical, i zh.that it qwisl ] tra r 5to
J87 encibRBEAER PRLETbED S ERapMIbLchinei] i | PR GEort o B IRry), 1

cont ai Ascendanyi onstestiaal ardsei dSTWe MGLEFPAZY aginey ApHRlkali

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,
20 an alkali metal sulfite, an alkaline-earth metal sulfite, a
sulfite salt of a transition metal ion, a protonated primary,
secondary or tertiary amine, or a quaternary amine, an alkali
metal 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

primary, secondary or tertiary amine, or a quaternary amine,
an alkali metal carbonate, an alkaline-earth metal carbonate,

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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PCTJUSO0/ 10804 13 25 30 a ca pri an a hydr Prot 35 quat neta Suitable sal ts
for use ‘gﬁ&)}g ,.ani on source include an include a salt of t hi= Bri@h 2808 a
count eri on; Pnert material such as a sul fate, a zeol i tRCT/GS00408May
i npregnated w th the anions; a polyelectrolyte such as pol yet hyl ene
gl ycol, anjethyl ene oxi de copolyner, or a surfactant; a solid electrolyte
or iononer [such as nylon or NafionTMY49uPont); or a soli solution. Wen
the c It is_a salids-containin suspension, a salt dissociates in a
sol ve%?%éé%%#apgaﬂnﬁﬁ{()nsef:ﬁeha n&gaﬁfecfr?&aé%l FHHRR r?HM, and the
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or teré[alta{ﬁ an ng or adsul fide, a hydrgsul fidé salt of a transit)ion netal
ion, &3V B RaFY2BFdEer ¢i GY9RAARNES LG oF GuiTensdtiominetal Aiqm |
met al ehyerasondted, pabmatkal secordatyy oet akritdeatye avdlde ,0fo 4 ransi ti on
nmet al @' %eﬁq%t% d | L;7E4 2l o] . al kal i;ng-earth t.al
carbonat e, _|pri ry,fltslgéo%gar yﬁgrgtggt@%grggg%xﬁ%’ora%‘a é(:]luaaflelrrhear??% ne,
bonat &t} RETexidansPti 8npAEeRideoRala plosoaves itsicar matale, iem
0 kal i gprgtdia 8 abr Dha 2y POSaESndary T 89S tEeN 278! dmilf), S Ry Ot onat ed
pri mar asegacondarg or te%t|$r¥ am ne, or.a gu t érnary am ne, an al kal i
net al SERHAEY i ATERGr RFoFRTESdafdiFRalPREUSS: SRR RIAFIHE. a
chl oricalsiun, ofivhivansttammonktml sadhs afpaobiatrédeyr ibiyuyLfitsecondary <)
or te”édf¥ité¥néﬁﬁf9&e? ﬂ§&£8§39f¥d@?1chaégoﬁgk%klcarbonate,
hypochlorite, nitrite, cyanide or peroxide. Commercially
15 available forms of chlorite and other salts suitable for use,
can cdontain additional salts and additives such as tin
cempounds to catalyze conversion to a gas.
The gas released by the composition will depend upon the
anioris that are oxidized or reacted. Any gas formed by the
20 loss [of an electron from an anion, by reaction of an anion
with |electromagnetic energy-generated protic species, by
reduction of a cation in an oxidation/reduction reaction, or
by reaction of an anion with a chemisorbed molecular oxygen,
oxide or hydroxyl radical can be generated and released by the
25 compgsition. The gas is preferably chlorine dioxide, sulfur
dioxide, hydrogen sulfide, hydrocyanic acid, nitrogen dioxide,
nitric oxide, nitrous oxide, carbon dioxide, dichlorine
monoxide, chlorine or ozone.
Chlorine dioxide gas is generated and released if the
30 compgsition contains a source of chlorite anions. Suitable
chlorite sources that can be incorporated into the composition
include alkali metal chlorites such as sodium chlorite or
potassium chlorite, alkaline-earth metal chlorites such as
calcium chlorite, or chlorite salts of a transition metal ion,
35 a protonated primary, secondary or tertiary amine, or a
quaternary amine such as ammonium chlorite, trialkylammonium

e s i e abie g L T

g N I I B B SO N A N T T T s T




neta bisulfite, an alkaline-earth metal bisulfite, a bisulfitersgl O\PfZWB
transition|netal ion, a protonated primary, secondary or tertiary am ne,
or a quaMI%75ani ne, an alkali metal sulfite, an al kal i PETHSK1980Het al
sulfite, a| sulfit7e salt of a transition metal ion, a protonated prinary,
secondary or tertiary amne, or a quaternary amne, an alkali neta
sulfide, am alkaline-earth netal sulfide, a sulfide salt an a pri bica
bica tert WO PO'69775 F 6 NOV 2003 PCT/ US00/ 10804 14 protcnated primary,
secondShyOHh teer By FURHSTRATYT MRt FRF9T BFE ne, Suhtabkal Fhierare
hypochkeétirtes,agualkald rodieat tdhnataadehym@%@&bw,a@ byeeebkengt e salt of
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Orla_ Quah%taﬁawrear@n&e ll?ﬂﬁ.fbﬁ.ftre%xsaﬂdr&:ﬂ'c?]mwﬁ’&n&%&b yﬁ)fiatetaﬁal um t
calciu ium ni.um s a.chlori isulfite, sulfite,

sul fi dmre r&%sd‘ln%l(?é" 'bloéfarcl%% 3‘ @aor%%’tcéaf HY3% OIBIﬁ‘F%JrH‘Q ‘nitrite,
cyanldeeﬁarﬁer@mayanujmnnnanuﬂd@/hmbkngn¢&&ﬂ@pmtammnaﬁlchloebge,and ot her
18/ 15 SEERIR KO i%ag: Lot '&Mm%éh@%éi?&@in&%iélé@ﬁ cagdi tives such

as tin ounds 'to ' c yze conversion to a rel eased by the
,,‘corrposmarf(f )| O(rept@dﬂdﬁon rtqf@rcb,nlwzf%tonar@r@wm z"elangr@%Bt@ﬁ Any

gas f%gt%%at%%iat [‘?nol%ﬁ | ?ﬁﬁzéﬁ %Ilg%leeCtﬁzQ:Etéi@én taéh@mrpﬁus@y reactlgn ?f an
ani on wi el ect ronmgnet | c ene en i C_speci es reduction
of a cation9 @%¥(§&9ﬁﬂ4%nﬂ% é%ﬁ?# ? %%f 3 r%ﬁ%tlon of an anion
W th acepossiaiked colecitisabisuideite amusielfut:éwakumuyd; raBisalftae be
q%nera%%aryg% éﬂé?‘%ﬂl@% fH%orporated 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
25 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 composition containing hydrosulfide or sulfide anions.
iptable sources of hydrosulfide anions include alkali metal
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25 conposi tion. The gas is preferably chlorine dioxide, sulfurz gj iﬂﬁB
hydr ogenWei0fde#s, hydr ocyani ¢ aci d, nitrogen dioxide, ni tf¢mm,m

ni trous oxijde, carbon dioxide, dichlorine nonoxide, chlorine or ozone.

Chl orine dioxide gas is generated and released if the 30 conposition
contains a|source of chlorite anions.jguitable chlorite sources that can
be incorponated into the conposition include alkali netal chlorites such
as sodPYidFefReEide sosuahoads sadhum hrdresula kdé i oe- pardhsirenal chlorites

such asyasgbalemsel) anidsn.irar- Shlr W Seliuila #1081 Llon gBtal on, 35
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act i | t ialogical warfare), or to
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that can be jncorporated 1nto conposi ] 3
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d,g,nfhgppghlogﬁgelﬁﬁﬂﬁﬁtpgnaoﬁran51tlon metal 1on, a protonated
primary, secondary or tertiary amine, or a guaternary 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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Ozone gas is generated and released if the composition
ains a source of peroxide anions. Suitable ozone sources
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Hydrocyani ¢ acid gas-rel easing conpositions can be used as a pesticide or
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sources include light, such as sunlight, fluorescent light,
and ultraviolet light, for photo-activation of the
20 composition. Ultraviolet light and visible light other than
incandescent light, such as blue light, are preferred sources
of j?ectromagnetic energy. Additives such as UV blockers can
also be included in the composition if it is desirable to

~a

limit the wavelength range transmitted to the energy- actlvated

25 catalyst. Photosensitizers can be added to shift the
absorption wavelength of the composition, partlcularly to
shifit an ultraviolet absorption wavelength to a visible
absorption wavelength to improve activation by room lighting.
UV absorbers can be added to the composition to slow the gas

30 generation and release rate.

Any semiconductor activated by electromagnetic energy, or
a particle or other material incorporating such a
semilconductor, can be used as the energy-activated catalyst of
the (composition. Such semiconductors are generally metallic,

35 ceramic, inorganic, or polymeric materials prepared by various
progesses known in the art, such as sintering. The
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, silver oxide (Ag,0), or Ti,Zr,,0, wherein x lS between 0

1; metal sulfides such as cadmium sulfide (CdS), zinc
ide (znS), indium sulfide (In,S;), copper sulfide (Cu,S),
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 (8iC),

diamond, germanium (Ge), germanium dioxide (GeO,) and germanium

telluride (GeTe); photoactive homopolyanions such as W,00:,7%;

phot

oactive heteropolyions such as XM;,0,,™"

or X,M;;Os,"’ wherein

30 x 1i

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

che

35 phot

ically stable, non-toxic, inexpensive, exhibit high
ocatalytic activity, and are available as nanoparticles
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sel eni F&g@y Vs haged upon the total weight of the

comp381tlon can be included in the compositions of the

invention. Such additives include colorants and dyes,
20 fragrances, fillers, lubricants, stabilizers, accelerators,
retarders, enhancers, blending facilitators, controlled
release agents, antioxidants, UV blockers, mold release
agents, plasticizers, biocides, flow agents, anti-caking
agents, processing aids, and light filtering agents.
25 Preferable additives for controlling gas release include =
bases, surfactants and light filtering agents. A base is

believed to stabilize anions during processing and participate
in the electron transfer by producing hydroxyl radicals which
aid in oxidation of the anions. The amount of base within the

30 comppsition can be adjusted to alter the time period of gas
release and enhance the thermal stability of the composition.
For example, the concentration of the base can be increased if
a longer delay of gas release is desired. Up to about 50 wt.%
of a|base based upon the total weight of the composition is

35 preferably included in a composition of the invention.
Suitable bases include, but are not limited to, an alkali
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silicates and clays. Any 51llcate that is soluble in water or

a wgter solution of a water miscible organic material can be
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
pot

25 alk
wherein M is selected from the group consisting of sodium and

pot

ssium cations. The ratio of silicon measured as SiO, to
1i metal cation measured as M,0 in the silicate particles,

ssium, 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 Figures la-lc is preferably prepared
pray drying the suspension. Other solvent removal

techniques can also be used to form the powder, including
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susp

ration, centrifugation, drying the suspension such that
salt is chemisorbed by the energy-activated catalyst
icles, or any other solid-liquid separation process. Gas
ase efficiencies of 50 to 95% are typical of the powders
he invention. The powders are stored under conditions

e they are not exposed to electromagnetic energy of a
length that would activate the catalyst (e.g., in dark
itions for photoactive catalysts).

Once the suspension is formed, it can be spray dried to
a powder by any method known in the art including, for
ple, any known atomization methods such as nozzles or

ry discs. Typically, the inlet temperature and outlet
erature are maintained at about 250 to about 350°C and

t 100 to about 150°C, respectively for an aqueous

ension, and will vary as known in the art for suspensions
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The powders of the invention can be prepared by the
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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fﬁ%f%&ed into injection-molded, compression-molded,
mal-formed, or extrusion-formed plastic products by
ounding and pelletizing the powder via conventional means
admixing the pellets with a material before the
entional forming or molding process. Suitable materials
forming these products include any polymer, multicomponent
mer such as a copolymer, a terpolymer or an oligomer, and
mer alloys or blends therecf or any wax. Representative
mers include polyolefins such as polyethylene and
propylene, polyethylene terephthalate, polyvinyl chloride,
urethanes, metallocene polymers, polyesters, polyacrylic
rs, acrylic, polystyrene, polycarbonates, polyamides,
ester amides, ethylene-vinyl acetate copolymers, ethylene-
acrylate copolymers, and polyacetals. Suitable waxes
ude microcrystalline wax, paraffin wax, and synthetic wax
as chlorinated wax, polyethylene wax, polyethylene
ols and polypropylene glycols.
The formed or molded products preferably include between
t 0.1 and about 70 wt.% of the powder of the invention and

and more
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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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ghé“@%téVﬁgtegggfdgrca9§ﬁ££ngﬁggmaterial by placing the
rial adjacent to a composition of the invention, and

sing the composition to electromagnetic energy to generate
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

rol respiration of a material by placing the material

cent to a composition of the invention, and exposing the
osition to electromagnetic energy to generate and release

a re

atmosphere surrounding the material.
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piration-controlling gas from the composition into the
The material is

rably fruits, vegetables, meats, meat products, seafood,
ood products, or other foods, or flowers or other plants.
rol of respiration of foods and flowers is generally
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25 agents, |UV stabilizers, flanme retardants, enulsifiers, conpgth ' ig@bf,
| ubricants,| antioxidants, colorants, and dye wit 30 inc gen ®f v 35

| ay ener WP M5 i | ayered conposite can be formed to gener BCEUSOZA804 | N an
encl osure flornmed of the conposite. Such a conposite wudes a gas generating
| ayer and a barrier |layer. The gas rating | ayer includes an

energy-activated catal yst capable eimy activated by el ectronagnetic energy
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gas gepRicMd 00/69775 - 6 Nov 2003 PCT/US00/10804 26 | ayer. However
the barri ef ! %:ﬁ erneable or onl sem perneabl e to the gases

generated a EE%é% F1Pe GaTPogihe ﬁ?lﬁ@nlé}éP benhasgss teener at i ng
| &yer, delediprixposedsuvfacet eof ramagnerial eoer ghei atﬁ@ﬁ@hh@*eOf generatl ng and

el casig e SRl RE aFLLY 3L onRlaLbersalalust and.ed dation

reaction of i ONS s re easi ng ers,
conpos by Eiacielg tike  matkeriah @éma@@ngsbq tbergompdﬁlknbh" pnﬂhent or

cont r Olexdd q@@&ﬁ@l@&h &mmn@éleneearémégﬁéegs ekeég}gt eala Wi thin

the materj al I n the "‘at nosphere surrounding the mate aC|ng t he
nateriéPQaﬁgﬁﬁﬁﬁet% e 119 0Bas fr?%ethﬁvﬁﬁwpéﬁltaﬁﬂ é%ﬁ@st t he
a@nposuﬂmmmﬁhbréﬂsﬁ&t@m&&ﬁm@|ﬁhenmaggrialrelease a biocidal gas fromthe

compos 1 ond i, odt TELRERY oMb ohTebE e AP D ookt

bi ochenied@rdie qurepoit i oinlpibit, or control chemotactic attraction of
an organism to a material by placing the material adjacent to
the composition, and exposing the composition to

15 electromagnetic energy to generate and release an odor-masking
or odor-neutralizing gas from the composition into the
atmosphere surrounding the material.

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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conposi I deo surfac a material or the
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conposition into t ere surrou t he mat eri &l eleaS|ng
conposi%??ﬁhﬁcﬁﬂW@@%oC%% as8a Pe drppegnenred inhpbioveors cont medical,

ctenot dedsitdl | akdh@Nosf 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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ganismto material by placing the material adjacent to conpospe'gg,xmyd

‘gggposrtron to romagnetic energy to generate and re

g €eo surr by p expo and 10 atnp reta aRCHUSIPO3H: o o
or odor-neuytralizing gas fromthe conposition into the atnosphere

the material. The gas-rel easing conpositions can al so be used
to retard prevent or control brolog?éal contam nation of an 20 atno ener

sphere ng C netic to generate and
rel easg%t ec%git amfﬂ%elér;\%%é;@é érrgér]nc%jﬁe § {nogn i8R Fﬁ‘f‘oaal‘?«? &HErospher e
gﬁﬁba@mﬁﬁﬁﬁ%1Qﬁrustﬁﬁﬁﬁ#QﬁQnﬁpnaauahsenﬂeuwsed to retard
prevent or @hd@éﬂ%@loﬂ%@rﬂmr&&%&fc@nn@éeﬁgah Y Pl %'?ﬂl e C
g |

%Je?g];%tn% r?éw’aéf@ O‘gel-ﬁ O%%% X'g(r)nsr%‘? %?ggﬁasé;rgprﬁ;-‘%@ee@é#}?@slatsl on into
t he at desghdbed undiRxarple Mg erdalbe BspHeednt antagergn@dis b to i S
used f?llali(i . ) @r@%tﬁalré@.{é@f eirhﬁﬁetaccg:!‘ Vc?cgr?trol the growth of
fungiis or whiten the nail, or can be included in nail polish
formpulations for these purposes. Such suspensions preferably

10 include from about 0.1 to about 50 wt.% of the powder of the
invention, from about 20 to about 50 wt.% polymer such as
poly(methylmethacrylate) or polyvinyl alcohol, and up to about
79.9| wt.% solvent such as water for water-soluble

formulations, or methanol or methylethylketone for non-water-

15 soluble formulations. Suspensions of the invention can also
be used in dental applications 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
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I ol ogi cal contam nant (e.g., anthrax) or for other tary decontam nation.
The Coan§éB&€9 f the invention for use in the above nethods-+§ NOVf 2003b! vy
a solid or aﬁl d such as a solids- containing suspensi orPCTVUSObh@soabove
met hods, the surface of the material or the entire material can be

I npregnated with a powder of the WO00/69775 6 NOV 2003 PCT/ US00/ 10804 28
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of the powder

ofi Bxi dé’qwRﬁataﬁﬁ@m@ugponheabacmmah 1dhd dhl ehend et des4 edeasi ng
powder #Fgg$5éngﬁggggged into a paper or polyneric material (e.g.

a shower .t inserts or insoles, bandage material, a meat cutting
board, a fu&ng?ﬂmEﬁs1%?966d°5a€k99#ﬁ§enta9n afﬁeedlpadbeuelenseuaalr
filter)gas naorqemsd et upés M@%aPIyPQﬁMHEﬁtEreﬁoah'@% %@éégjé%)
paperbqg{o ofe) ntalqg s, or_other surfaces; 25 |ncorporated into fT11He such as
packagihg TH1HE FELITE2FIPN CeBPeFRt WFefedi dBE, Chdsping dimsriser

ddmrer dedleasjuigpmrnposivions, | fivy eRaople pachs be &tséal liinZ @ 26/ RYinpdni xed
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geratlon to sterilize or deodorize the materlals 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
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30 kill m ¢roorgani snms, enhance freshness or deodorize (e.g., foot
powders, bath powders, powders for treating soft surfaces sucl GNGVAr2083
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an Odorfégﬁ%&5ﬁ’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




30 gas, the odor released fromfood is indistinct or inperceptibigeNpy 2088
i nsects. Wpsoogemmsosi tions of the invention can also be usedpéﬂug(ﬁ,l,ﬁgge an
odor-neutralizing gas so tat the odor released fromfood is reduced or
elimnated| and insects are not attracted to the food. 35 The powders are
al so especijally suitable for use in agiLnal feeds. During preparation and
handl i n ani.mal feeds WO 00/ 69775 6 2003 PCT/ US00/ 10804 30 for
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Example 3
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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the \powder was exposed to fluorescent visible light. Chlorine

dioxide release rapidly stopped during the period from 89.1 to

94.8 hours when the powder was maintained in the dark, and was
20 resumed at 94.8 to 95 hours when exposure to fluorescent

visible light was resumed. A more than four times higher

chlo

hou

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

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
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As shown in Figure 7, chlorine dioxide was generated

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.
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Example 7

oxide (86 g;

100 ppm chlorine dioxide electrochemical sensor.

dioxide was released from the powder.

foll
Trit

owing proportions.
on X-100° rather than Triton X-301°.

released from all of the powders.

99.9% rutile (Aldrich Chemical))
suspended in a solution of water (300 g),
(2 ¢) and Triton X-301°
2d with sodium chlorite (10 g;

sodium hydroxide
(2 g; from 5 g of a 20% solution) and
technical grade (Aldrich
nical)) to form a suspension and immediately spray dried at
nlet temperature of 230° C and an outlet temperature of

C under reduced light conditions to form a white powder.
powder (1 g) was put into a 500 ml jar and monitored with

Chlorine

Powders were also prepared as described above using the
Note that the suspension included
Chlorine dioxide was
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itlet temperature of 120° C under reduced light conditions

prm a white powder. The powder (1 g) was put into a 500

ir and monitored with a 0-100 ppm chlorine dioxide

trochemical 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
lcal)) to form a suspension and immediately spray dried as
ribed 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.
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methHod described above wherein the amounts of titanium dioxide
and |sodium silicate were 89.5 g, 88 g, and 85 g and 0.5 g,y 2
710 g, and 5 g, respectively. In Figure 8, the release profiles
k for |these three powders are compared to the powder containing

no gilicate of Figure 7. The chlorine dioxide release rate
decreased with increasing sodium silicate content in the
powders.

15 Additional powders were made as described above using the
following proportions. Chlorine dioxide was released from all
of the powders. )

Nacdlo, (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
Example 9

Titanium dioxide (Aldrich Chemical) was suspended in a

25 solytion of water (300 g) and mixed with sodium chlorite
(technical grade (Aldrich Chemical)) in the proportions listed
below to form a suspension and immediately spray dried at an

inlet temperature of 230° C and an outlet temperature of 120° C
under reduced light conditions to form a white powder. The
30 powder (1 g) was put into a 500 ml jar and monitored with a 0-
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100. 50. 589buPont R- 700 20.5970. 5DuPont R-700 Exanvle 8 Titani um Bi NGV 2803
(89.9 g; SS9 Sut i 1 e (Aldrich 10 15 20 Chem cal )) was SuspeTU8a/10804a
solution off water (300 g) and sodi msilicate (0.1 g; fromO0.26 g of a 38%
solution; an outlet tenperature of 120 C under reduced light conditions to
forma white powder. The powder (1 g) 3was put into a 500 Si02 Na20 ratio =
3.22) I I (10 techni.cal. grade (Al drich
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t enper » tdie ERydeand electrochen1cal sensor. Chlorine dioxide was

rel eased from the powder. Titani umdioxide (99.9% rutile (A drich
Chemical )) \was suspended-in-a.salution of water (300 g) and Triton X-1000
and mM | r |and rmmtorecNaM:lcb ago) 100 p'pmgzchdé))rl ne didxide m xed with
sodiumchlorite (10 g; ErmTatr—ygradertAtar+ch—&rercal )) to forma
suspensi on|and i medi atle?Y_spray dried é@ descri bed gbove to formthe

faoj | owi ng powders. Chldrime dioxide wagsreleased fromall of the powders.
The rel ease prof||efor On t-taniumdioxide/ 0 5 d silicate (25 25
rati ) is shown in FlguﬁEOQ WD 00/ 697[780- 6 NOV 2003 |PCT/ US00/ 10804 37 5
Silicate (g)Ti02 (g)Ti our cerrrcoon A—;puu*\g; 5—5¢4.5 rati o) 87. 5DuPont
R-7002 0.5(3.2 ratio)89ﬁh ont R-7000. 5/ 895(2.5 rati o) §9DuPont R-7000.5
0.2(3.2 ratio)89.3DuPonQ;R—7000 5 0. 2(29§ rati o) 89. 3DJPont R-7000.5 Three
addi ti onal |powder s wer e—ptrepearetd—acecotretrg—to—the—t0—-15 20

'Suspension included 10 g sodium sulfate diluent

10 Powders were also formed as described above wherein the
suspension included zinc oxide (90 g; technical grade). As
shown in Figure 10, chlorine dioxide was generated and
relepsed from the powder upon exposure to light.

Powders were also formed as described above wherein the

15 suspension included titanium dioxide (90 g; 99.9% rutile
(Aldrich Chemical)) and 10 g of sodium carbonate (Aldrich
Chemical), sodium sulfite (Aldrich Chemical) or sodium nitrite
(NaNQ,) (technical grade (Aldrich Chemical)) to release carbon
dioxide, sulfur dioxide and nitric oxide, respectively. As

20 shown in Figure 11, nitrogen dioxide was generated and
relepsed from the powder upon exposure to light.

Example 10
Pellet Formation: The spray dried powder of Example 5
was pompounded into pellets using 2 melt index linear lqw
25 densjity polyethylene (LLDPE) resin (manufactured by Rexene) at
a concentration of 20% powder and 80% resin. Low level
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.
30 Film Formation: The pellets were blown into film with 2
melt| index Rexene LLDPE resin (50% letdown). Thus, the
resulting film contained about 10 wt.% of the powder of
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88 g, and 85 g and 0.5 g, t
erein the anounts of titanium dioxide decrease %%5fﬂmﬁy
sodiumsilicate content in the no silicate of FP&E?@NVFW?he
oxide release rate for these three powders are conpared to the
aining g, and 5 g, respectively. In Figure 8, the rel ease
owders. Addi ti onal powders re made as descri bed above using the
lﬁxﬁtlcﬁmw Level | iecandesdenvatight eagedaly B |du®in
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toxi de (Al drich Chemical) was suspended in a solution of water
] technécal orade (Aldrlch

sampﬁeckasubkﬂceﬂlEmdarsm@dubeﬁaflgbﬁcmgaghbl@ng t@ forma
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rmed .as. de crlbed abave In the suspension inclu
?% r%r?-mac%@ ’S&ﬁ Fi iR echborénpodipxideoriagde was

nated during that tlme Illumlnatlcn of the sample with
ent fluorescent room lighting caused immediate generation
igh levels of chlorine dioxide as shown in Figure 12. The

rise in the signal during the darkness period was an

fact of detector hydration rather than chlorine dioxide
ration because the detector had previously been used for a
term under low humidity conditions.

Figure 13 illustrates the chlorine dioxide release rate
he point of illumination. Within 15 minutes of exposing
film to light, the chlorine dioxide concentration exceeded
detector limit. the film had released

ral hundred parts per million of chlorine dioxide gas.

It is noted that chlorine dioxide release was tested

Within an hour,

r minimal lighting conditions throughout this experiment.
‘The sample
used throughout this experiment were soft glass, which
rbs about 95% of incident ultraviolet light. Fluorescent
lighting has some ultraviolet light, but incandescent

ts provide predominantly visible light. Therefore, this
riment demonstrates suitable chlorine dioxide release

r less than optimal lighting conditions.

Photoactivation of Film with Light Cycling: A 1 g sample
he film was placed in a 500 ml jar with a 0-10 ppm

rine dioxide electrochemical detector attached to the 1lid,
covered with aluminum foil for about 10 minutes to exclude

t. No chlorine dioxide was generated during that time.
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rel eased d@rp’ e powder upon exposure to light. Powders were al so . §r 2003
> 3%)% 0

as descri ve wherein the 15 suspension included titaRCUiASad/8P4le

g; 99.9% rutile (Aldrich Chemcal)) and 10 g of sodium carbonate (Al drich
Chem cal ), |sodiumsulfite (Aldrich Chem cal) or sodiumnitrite (NaN 2)
(technical {grade (Aldrich Chemical)) #4® rel ease carbon dioxide, sulfur

di oxi dglanghitdyiich @F Gehe I §SRBTLI X- 20,45 i.n Fi.aure 11...nitrogen
di oxi dear%,s;e‘lsgaer]ﬁ{ ated and relrgﬁsed!g%omat leltpg&idgr% Egorrimgy&?ssurwelttr}b | i ght.
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onpounddd dhitar ipel Ideitoxide ng Pheefilinndes bboeakql QWi2b A8NSidY about

pol yet i nu tured, by Rexene) at a_concentration of
20% po e(r%{iglr‘f‘((? Oi%IQr eis%?i.ﬂl?_%gvgi e%‘él%u?nga%dggcgng gP&msi'n&% dsdd tRuri ng
menuf aét-Fr EVESyhandahats. 6 Thetpeld e2 shonre dupied whialhumhlePine

foi | / plidsixide WAl Yt et Bd Sa & O, e r expesykre to light.
30 FilmF rlm; iLon: _The pel I%E@amarléé %hlq%% %{Pitﬁbgg%% \%ﬁ]{h %% ru?éﬁotutti fat
Rexene §°P§§i’n3('50¢£9 ¢t dovitUrThud: dtHe feGuheurg BRENRE0At &ion@6 about

10 wt . Youkrst, hehpodiddm afa VOSSO 5t 3%rooh Noyh2093aPERA HS9RE1086: il?q]garrpl e

S. Low,lev i scent lightin s_used durjin manuf acture of the

film i?(% i %Q\%gs%%:'t o?g‘d V'}ariga O'é?%%ﬁna %ﬂ'/lﬁ?ggﬁi expPafrAate @ont ai ner

28 pr obPEed pnged: perdasbnff elarkneésghithd Phdtoace s vat hearopeki by ynder

Humi d Eeditiilense1f=4 fd . | ipn_a nl ja

(1 ncl ug'bn (:)L 5 me ,sa,teEr g:theldd%in%r%%n}?lsu %tfegglg?%%xiggnr?ggg?ga{%&%%

rel ati v&€indhi 8Py iRt 1 Y- 10 ppm chl ori ne di oxi de el ect rocheni cal

det ect or o | ddv{aite.hdri £ aa'%rso,vmm iR @ AYNLEQI 1 al8ef O bOUL &
2.85 .0 ex i_ght . chl orine dio € was generated. during that
tine. i ng‘t ?o% %Tangﬂg sodér\li&rée vﬁolt]i{" wahiRTRACe tbRedceR® MbodRFi ghti ng

ddusedviliiedi 4tdO0gpper atilorind dighidewlecnfoctdni tae déosEgeras shown in
Ts7art et Top 55 Sotac Reybd's HINE cHebd ) [RodELITER: 88 2 oetRat t on
becausB°Fhe @BfeEr¥ETRsd Wirtdyidduminuedipidsdiby gbeut 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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long termunder Iow humdity conditions. Figure 13 illustrates the chlorine

di oxi de r@iRRRSEate at the point of illunination. Wthin 15 minutes bfNOV 2003
exposing 20 the f| Imto light, the chlorine dioxide concenPEBUSHHI080ceeded
the detector limt. Wthin an hour, the filmhad rel eased several hundred
parts per mllion of chlorine dioxide gas. It is noted that chlorine

di oxi de rel ease was tested under mini n&R |ighting conditions throughout

this expépitmedtecomoﬁntmmm dlokdflEné Sgay alﬁara%ﬁé%ek gpztot \%%Q:r Wleg The
sanpl e whahsau3ed st dé] t%ll"ts LF‘)erl ment were soft g ass SroC

absor bs about. 95% o nC| et I rITOTet ¥ %taSF‘PuéPéé}c@ﬂPW room | i ghti ng
has somenGRPAgSFeRst L, was usedndescent |ights provide predominantly
vi si bl e i ghthighe Q‘rﬁneﬂ | pohstrates sujtable chI orine
di gxi de_rel eEs ﬁgk% I essﬂﬁlt"ﬁ&aérglQ %tl m‘ﬁ I |% f l%%h‘?ﬁt?gn%he sample

Phdt oact Foaf of ERSeRct t?futg%ﬁtlagcléttngroqm Icegnmmher@ftbl eebt| ghwas

pl aced tempe5@Ourt sanswtiiviayP-d 4HEN s | neAg%pﬁu desg! esl ?ghgrg\bcal

det ecto o.the | overed wth um num f orl out 10
i nut esé?%&%}%@? gag f"% deqt\foecqiﬁcg {jsr?ee ?’@H% Whs- gdfiepmt abodtir 2ng that
time. 63NOVIOVBES. PhF/ smmmmm wad umdmmadd Q:nfﬁ)faé hengasRt eaf ppnmalout

10 to 36natedt esnwi bR tHDIBR, ] UoHgsCant ht| caused i medi ate
g&erat{:ggofof chlorine di ox%ue The Iefrr}tlm“/gg‘%zzao VEre c&?t‘he?%? at about
3 u

m n N8 @iR¥dAe gspeFation éﬁ{’f- Ztheass Okamutea'n thhao 6hd. Pavers,
and aboof €hBotin@3d2okadies ddwaippe athireh @H&fédb%_%‘%h nOt'ﬁhi
ours,

ﬁgﬂfgatgg@g?o %?énﬁ%bysigﬁé%}}?%feéo Oléi[’r&?'r digigler ﬁtmmﬂexposed to room

| i ght apempétatune andxiwlien wasrdegecthakel. dleﬁndﬁ.%ﬁ:ﬁéfﬂlq@ tdad after being
oot g & i LR T D 2 pe o

tLﬁ? filmrel eased chlorine |ox e at then it had
tially. . Photoactivation of Filmwth Light Cycling and Large Leak: A 1

g sanpl e of the filmwas placed igg_@%ljar 15 with a 0-10 ppm
chlorine diagxld ctroc?eg%cal etec attached to a lid having a hole
therein (abotl e1 € B mple 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 Example 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




port and covered with alum numfoil for about 10 mnutes to exclude d}i Vt2b03
No chl ori nwodwesizde was generated during that tine IIIuning%hﬁﬂ §f t )
sanple fromabout 10 to 31 mnutes 20 with anbient fluores Y08 3fs04
| i ghting caused i nmedi ate generation of chlorine dioxide. The filmwas
covered with foil at about 31 m nutes %% 1.1 hours and about 1.7 to 2.6
hour during m@ich chl orine dioxide was t generated as shown in F gure 15.
At about 41168 923 Wasr geasdared e The Hodms whetb itheds | expese@xpgsed to
room | i ghighod chl ori ne di oxi de was gene Fated. Chlorine Gas Detection: A
filmsanple (%hg) miz Elaced in.a 50 mM jar fitted with a septum port
i nstead of an'er eRSFOERENVELF GE8cCESE Atf f3dd sidnicsmtrssi speet thet er
30 sanpl V¥gstahel wasri nTenuednnvest b an ard 5CHa@dd & Higd e Y@{'rr?ht
I TunTn

chl9rineggag nc akik we niktored the sanple was | at ed
by a sofz_ gl %Svgi ngﬂa%éegggﬁ?) i gﬁfiggupgwpﬁégg% CORGHE ToRE ftsbtE@mmya f rom t he
jar. As ShORnCPRE#FLBLRE 2Boutel§ . 9B&wodyehe pbwdlalrodfnez@ﬁ](eats t herhe

det ect i ofii 1 Mrds oétbbédnﬁﬁsan?»élﬁﬂ@ﬁuﬁmo?‘B&Eﬁl‘é@%@cd%tgﬁﬁt&e s C%'Hrg{a'}{r}ge as
g

and ozon%v%%e ene_ated with intense [1i sources

di oxj de 7 5Lt e KPR S¥BISUPETFOShhEht0804hd oripkotis-odecteneEs ti on.
Chmlcd?ri nengasgamrmedeiweugenﬁnndewneiﬁedt wﬁgneﬁgbggﬁ LRt §RSH ¢l 1 ght source,
S as @ 0, | e Lght, ,was.ysed. _Thi s expérinment was

r epeat edﬁbﬁ%ef% g%%%#%%gtﬁégsgﬁn%{)ﬁgn% fapxifesreleaseedarot heediilmy at
room t erffRIERIHNT ne MUY strbiliaperwithetBensilingi t¥ynehihhagsaml G« Again,

| ow | evadss Dfo wahl rinesgas: s det ected (see Figure 17). From about 2.3
to 3.3 hours, the light source was turned off as indicated by the shaded

line on the figure. The film had already ceased 10 chl ori ne di oxide

generation, but it was observed thgiaiBger 8¢ of chlorine dioxide

chi of e, di o TR ”w%%%é’%‘ém SFeFeefaa gorat ed demonst rat i ng

tHe t eRSYaimatdy msttvieryd dte ofPNMRe; c28mmlsi 1 afethylethylketone
(MEK; 75 g) and then adding the powder (25 g) of Example 5,
with stirring. 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.
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1 15 Exanple 11 The pellets of Exanple 10 also were cast into filmat full

| concentratwonoemgsyder | ow i ncandescent |ight conditions to mninmze «§

{ premature gas generation and rel ease. Thus, the 20 resulti ng’cf"(qW’éQﬁQt‘aNnoevdmm
about 20 wt.% of the powder of Exanple S. The filmwas stored in an

alum num foil/plastic lanminate container to protect it fromexposure to

light. Chlorine dioxide gas was generd®d in the filmwhen it was exposed

to |light. 25 BhbmpRbimatignre Thst pler:ttletfsl e I se Bt JuleX; e£'e
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in an al 4"0?1]19‘m%%%Y%t¢@@ﬁuderc@nﬁaﬂnewt t%oqﬂr ehecimditsdydn exposure
to |i ghtacthtarédepsliaxi de ©as 30 a the filmwhen it was
= R s Bk Trb B RS AT 1 o

exposed The_p s, al so_were cast a

uvl%gt ab.'ﬁg ?’z‘lefra(’)ckﬁ“% R h ta“i%sé-‘FBE (oThewfidppyaedssaredt ah a\malaghﬁnmtumelt
C ba G dpplirlerst ow lamginawencdontansetrotbopabracti kM e Fna'eQJg
19. 96% afi filte, powder of Exanple 5. 35 The filmwas store m num

foil/plastic |am nate conta| ner to protect |t fromexposure to Ilght

Chl ori ne WO GUIEEAK digésde gag \vag
gener at é(iJJnn danpifd Maé'\/rtﬁtfhdéd% §X§6’§ergjb fl ze 9;@%1% % F\gir(elall\ltsoﬁ)

Cq_%t at %éent ratl on wt UV sta ?ﬁﬁlﬁ
based on Ao igim, s ftte G%ut}%y‘;o mem)o\rslrgmatwad.t.ons

to for mhammamwomaumumg) ﬂkﬂ)lﬁprﬂ.%m‘.’eﬂfze (drospareled ol F3afBh ey The

fi.l mwagesl Jam ate contalner to prot ect
it from eexp%rggj(r}e a{lt%{l:haénc#@o L{-1 or| d| g@? rf'éff‘%tt releasede film

when it f%e® &hsofddm G'llth}m mirgatisyur erHes smﬁmw Q\%é hen £l @ed nerdinoxi de

release b ehlite Sept-ai W|ththef|I containin
% Or fmlllorf“?ohuv tstt gﬁc{ﬁ?zg‘r{:{%ﬁpﬂé RS T8 HS B rehasi bR epar ed °
by d| ss8f:$$ﬁd°ns as

own in Figure 19. The generation and release
of chlorine dioxide was diminished by the brief absence of

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.




15 pol y(net hyl met hacryl ate) (PMVRR;, 25 g) in nethylethyl ketone (MEK, 75 Q)
and then adding the powder (25 g) of Exanple 5, with stirring. Thef N0v62(903
resul ti ng suspension contained 20 wt. % of the powder, 20 wt.% PMVA and
wt.% MEK. A snmall anmount of the suspension was placed in a test tube and
exposed to 20 fluorescent light. An ind% ator strip containing potassium

i odide turned purple within five mnutesS of the fluorescent |ight
exposur e "Ej RdPd3k:i ng the presence of chlorine dioxide gas. The suspension
is suitable to coat finger nails or toe nails to retard, prevent, inhibit
or contrgl f ungal mgrov,vt h. 25 Exanple 13 Pell et Formation: M crosphere'"”
2500 noi st ur e“aEPMPEEed 1opokder elavairpabbeetiomeBerggr dofieebnokagi es, .

Inc., of ChicggaeratlipnwasdbhkendadeWolhar ggisn . oM crosphere’ 2500
powder, 72 wt.% | Qw density ol,yfet hy! eﬁes%é Sgégﬂ‘%%l?l near |ow 30 density
pol yet hyl ene UC 1537) e‘&ﬁﬁgﬁéﬁgéﬁ 2589 FRE3LYBEI FePablecpE beiénded with

pel l ets of Exa@pleatédabyaebcbfomaghetitboshei-ggangdgegcent |ighting was used

during manufacturego ' | Le .The pellets were stored in alum num
foil/plastic |ani %a%%iggnthi ‘Lr‘nerrsél%osb?‘g?té%’rn%%rﬁ‘ﬁla%ﬁl%k%sﬁ%t@bnmght .
WO 00/ 69775 PET 2890f2P8B48 NOVPLeha3 dagidFiédn dorreddisd dhegoedligts were
cast extrudedat Nt@ag: fohe §5510 m | thickness. The resulting filmincluded
10 wt. % of &%ﬁeli ht - act i vated powder and 10 w. % of the noisture-
activat ed powder .C%W?Jn%h‘?ﬂes‘&% FXRPETR G Nl afarbrehgriati & emeemdact ur e

of the film hing idapalabe sobreehératihdland e dDidd RstiLs | g nat e

contai ner to jof : exposure to i ght, Photoactivation of Film
under Humi d Contfcijif%‘_%)lnésr]:i %Af g@ﬁe ggatfﬁ}?ﬁtsaa}ﬁ# ecg%?lé?td'l%éﬂf TP Som AL j ar
(i ncl udi ng 0.5B'§danienst ur at ed anmoni um sul fate solution to create 80%
relative humdity) with a 0-10 ppm chl ori ne di oxi de el ectrochem cal

detector, attached to the lid. Chlorine di oxi‘de was released fromthe film
wi thin finut &5 COMRPSEdmA® IRl St mabdnethe amsivgyt- cointorddesnt r oom

lighting for gerferatiionitefl cielfdace b LAY QBRRI sShgwn in Figure 19. The
generation and release of chlarine di oxide was dimnrshed by the brief
absence of |ight “TdEMSHS &Gy A4t @é Lyistncgeabist e Bednoel eased

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




chl orine dioxide by both |ight and noi sture activation. Wile the invention
i's susceptible to various 20 nodifications and alternative forns, d%
enbodi ments thereof have been shown by way of exanple in the dr awi n@j‘l <003
have been described herein in detail. It should be understood, however,

that it is not intended to limt the invention to the particul ar form

di scl osed, but on the 25 contrary, the45ntention is to cover all

modi fi cati onsdioxegdi, vgl gm:§ nagi.v fall within the spirit and
scope of the nyve Oé@ﬁ 6%&8& egsé Sg%la%d t‘f‘gfn%cplv%tf\@v 9603 44
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WE CLAIM 1. %’FBnaPSr o¥ida F@ﬁa@ﬁereecen@mgqfcmer@hieds
generation and reI ease of a gas conprising: an energy-activated catal yst

capable pof b ectro netic energy, and a solid or a
sol i ds- c‘gnt aIeAFlI gwgﬁ%pgﬁélgeg%ﬁﬁ{:é?%l?\@ ST o€ Hrah| TR beirg: oxi di zed

or reacted to gene?atereatoheasthingeayasnetde orpasidd Oht yhes exposed to

el ect r omagnetd £p £HEL gyf bPELH Y SAPAbL eratin d, rel easing the gas
after activation of the cat% Vst andg%%%%l ST q_tli%rFrb?rQXhé‘%l ons.

2. A conposition fRFFEIetET oPaghetdermet gy -wuMiaas | tigenered i arhand
rel ease of a mas icdngy it Nghe am}%lﬁr%ta&fﬂl\&@ %1%{55" lgeoacg_l eDeOlfn(ﬁbEI Sg
ze

activated by t10 netic ener and ani ons capable 0 ei ng oxXi
or reacted tog1 gie:ln%ercgﬁogr at® af%taescf %%egegr%f‘sraé@ &t d@afrtomeh@ag oup

consi sting ofthehirsmdesr divhedes xmardib it dicbddteondidiati c drdge, daidipgen
sul fide, dic rQoc i.c_acid, .nitrogen di oxide, nitric
oxi de, nit ro?sagdg}%de@]%r%aotnlgygd aﬁﬂ/%le@élﬂg Fhewgar &fh6ed to
el ect r omagnefict @Rdign ohdihry wdpdiise @fndg@madattlmgl amd rieelcedsim@t he gas
after activatheorraforidhe catal yst and oxidation or reaction of the anions.
3. A conposition for electromagnetic energy-controlled generation and
rel ease of at | east one gas conpri sing:

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

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 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 aﬁd 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.




an energy-activated catal yst capable of being activated by el ectronmagnetic
energy; and chlorite, nitrite, or peroxide anions; the conpositioqlswﬂﬁv 2003
exposed to el ectromagneti c energy, being capable of generating and

rel easing chlorine - 6 Nov 2003 45 dioxide, a nitrogen oxide, or ozone
after activation of the catalyst and oxidation or reaction of the anions.

4. A powder for generating at |east oné0gas conprising: a core containing
an energy-activated catal yst capable of being activated by el ectronagnetic

energy, and part,] .o _a layer.on a surface of the core, the particles
or the |Zyer %ozﬁ?ﬁ’ﬁ?hglaﬁi Sﬁ)él PARGBreCBFrotieg gemenaten oandenel edseo

generate at |ehsétoheaghspnehgapowdepriwhed: exposed to el ectronmagnetic
energy, being capabLg-pb-9€ i relLeasing the gas after_
P Por eV s Sp AEEe oF FESLIY e ek ik bihgbts. A

activation of the catal yst and” oxi Ion of
powder for ge‘?‘n‘%‘flati ng at | east one gas conprising: a core containing an

energy-activated cahabystcagapedl &r obndbed NGy At i’x‘?g%]ecﬁ bé'eaeét[ecr%ﬁ otmagneti C
energy, and Qggﬁigées or ﬂ. ager on a surface of the coreg, H ﬁ%rticles
or the |ayer TORTal AT ng- chTRTT (@€ 935 | $@ledhed Jorarxitde av@ms, the powder,
when exposed @i stingnednetlcor anerdiyox b NGarxspab @efdgenarating and
rel easi ng chlpyrd ) q! it40gen oxi.de, .or ozone after activation of
t he catalystcpgﬁgﬁggﬁgg%#¥é?%h %%%é:é%ﬁ1(ﬁcﬁﬁﬁ¥¥ﬂﬁ(ﬂﬂﬂoxﬁgkﬁ conposi tion for
phot o- cont r oIV farfdHe] i afit hndh itetamsge digixigle | edstrianexgak: COMYHEidNg: a
phot ocat al ystoxanatlifi Azl ng ek dd | Ghien WD RSP 1Gpd

sol i ds-cont ai,ni.n suséiﬂfion containing anions capabFe o 5ﬁot6¢ 'di zi ng
or reacting 9515&1&5&{ St°f SISt igaand e leswpog tihen gasherf texposed t o
l'i ght, bei ngacapatite cof ofgeney PHot® ARG 1Reaskingnbie 933 aaktieh, activation

of the photogatal;yst O@qk%hcgnci-o%éi.dati on or reaction of the anions.

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.




- 6 NOV 2003 46 7. A conposition for photo-controlled generation and

rel ease of at |east one gas conprising: a photocatal yst capable cﬁ_ eNBa 2
activated by light, and anions capable of photo-oxidizing or reactT Ngl 03
generate at |east one gas selected fromthe group consisting of chlorine

di oxi de, carbon dioxide, sulfur dioxide, hydrogen sulfide, dichlorine
monoxi de, hydrocyani c acid, nitrogen d#bxide, nitric oxide, nitrous oxide

d €,0-t hé quwtesi tfican gesemn P8 JrQ dd Wby J2eing capabl e of
ggne?g??ng and rel gagj  he as.a?ggr actlvatlgﬁlg% FﬁggﬁﬁﬁFﬁﬁhtalyst and

phot 0- oxi dati on or ° react i On of e 5nF@ﬁ§PC8FaAY§§np@9ahlenoﬁobe;ng _
phot o- cont r ol P6§ iyetedatyod it ,r elnelase of at | east one gas conprising: a

t tal yst capa f i ctyi ed by light, and chlorite, nitrite or
Bgfogfge a%ions,pt%g%ggﬁgggiggb%,lﬁ&%% 8Qpés§H%EBCF|aﬁchBeFﬁge@ap@ble of

generating anH®FEFEASPnGTchiGr ila¥edi 6xhtieinangi thdgedte0xhdensor ozone

i vat tha pbwtibe, phakac dq . togoxjdation or reaction of
Che antons. 0. A bower Fap e e B A RO tREE Fng: o core

9 for. ge g , . _
containing a %ﬁ@?gg %géygpdcgﬁiﬁﬁﬁlﬂg pel aginacdivatdd afrérght, and
particles or actayerion afsthtapRobbcabgl $of €and NSnoPRILL LSS QL Lhe | ayer

cont ai ni ng amy e . -oxi dizing or reacting to genefate at
| east oneggagfggf%géggggngémﬁgggégposed to light, being capabl e of

generating and releasing the gas after activation of the photocatalyst and

' [ [ ' R . A powder
hot o- oxi Hat iDrcefipseacs | £ 0£1 L BRI O0S; « -0, 8. Nay. 2003 7]EF}0
Por generatin chl%rine di oxi de conﬁggiln%czf(ﬁﬁ%¥(§ﬁﬂEﬁéh a

phot ocat al yst™ capabl € e 1yl ©2%e | Vatald Inadt gine gaml qauiridiasy or a
|l ayer on a surfacea afas hgemwors;idd€layer comprising an energy-
activated catalyst capable of being activated by
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,




particles or the layer containing chlorite anions, the powder, when exposed
to light, being capable of generating and releasing chlorine dioxide after
activation of the photocatal yst and photo-oxidation or reaction of t N@V 2003
anions. 11. A conposite for electromagnetic energy-controlled generation
and rel ease of at | east one gas conprising: a gas-generating |ayer
conprising an energy- activated catalys@gcapable of being activated by

el ect r onagnet itheememgas iancbnivih R eb quﬁgggﬁégg%{gqg3%$%§§pg$dtLg

generate at | g ; and a barrier layer a .
gas- generati nq’%{ é‘%fs,t {Eé %’aerlﬁgercalp%bgre B’Ei A§nezpibre end redmemwitgi ng
el ect r omagnet it&CeR@R fitent e tgamtgemeodt thg chayeysandy anygggeggeable

or sem perneabhe @ ildhecdass ~ge atin ayer, en exposed to
electronagnetiglﬁener,l%%g b%?ﬁ&hggﬁgﬁﬁé'o?ﬁgeﬁé%g?uh HNaRd *FBFE3SPngEt he gas

after activatft ) ‘catal yst and oxidation or reaction of the anions.

12. A conposition for el ectromagnetic energy-controlled and

moi st ur e;gont I ation_and release of at |east one_gas conprising:
an energy-act?ggtggmggggFﬁgF Sgpggﬁémo% BEi AgvhaEeivatled %ngdecsranagnetic

energy, ani onSa3éhpabheinertemetengalith popyoléct SHEFEES 2 0eHeL@t ed during

activation ofelg@t9§1§£¥§tOgrao§gggéi% 1ut 9 generate at |east one gas, an
acid rel easi ng agent,” and ani ons capabl'e eacting with hydroniumions to

generate at | east one gas, - 6 NOV 2003 48 the conposition, when exposed

to el ectrdnaghies | Compes OY¥ioRNEs NB1 $S1HI £, 0P N ‘qplﬁqeOfs:?fﬂ?sfﬁti ng and
r el easi ng thgj qg.after activation of the catalyst, hydrol'ysi's of the
aci d rel easi ng agert T MAnT ARG YA PO Hrat i HiPnior thalignarsiond. The

conposition of claiml or 6 wherein the solid is a salt, an inert

mat eri alys a pﬂ{é"%%é@itﬂ@n &Sg%v\iz er eclteca}r{ymoyntee’oforcl%i%%l ild, Szo,l u4t,i on-
5, 11, or 12 wherein 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




14. The conposition of claim1 or 6 wherein the solids- containing

{ suspension is an enul sion or a dispersion. 15. The conposition or powder of
| any one of clainms 1, 2, 4, 5, 11, or 12 wherein the catalyst is sebeN@\eqQg3
41 fromthe group consisting of a netal oxide, a netal sulfide, a netal

i chal cogenite, a netal phosphide, a netal arsenide, a non-netallic

sem conductor, a polyneric sem conductod9 a photoactive honopol yani on, and
a photoactive méeidBreROLYHho8e 18 5 osition or powder of claim15
wherein the mefal _oxi deyi s sel ect e‘g%rﬁﬂ?%}l %upt}b%rf%er%‘?]i RE¥Pide ani um
di oxi de, zi nc oXi ¥+ YRR RN ES oxilae , nenstiers Lum o i e itsyndud ethxim gi oxi de,
tin dioxide, sirbitdmmsilienatEarbadd Ungtdd t ]p%HP m oxi de. . cal ci um
titanate, irony{d}ide 0xide, ool bder%gltri,oxi €, %e| obI ulﬁ]lrﬁ’fp&?rd%%gmi ndi um
trioxide, cadm umoxide, Harnim 8% el uGhdsofingmpedyaerimanganese

di oxi de, coppefeBGUBluctINall W lpentanyldee ;C HeMphBHJE@de, Yttrium
trioxide, silnstoddi i g, 1-4X rein,x.is between 0 and 1; the
metal sul fide.| gg?ﬁ?ﬁ#isuLfﬁéé?’iiﬂéggh %ﬁﬁé?hqtﬁﬁQGﬁW§hlfide, copper

sul fi de, tungé"te TRRHRE e 18 MR T 101 SMf,DAE, whieraiine xcadyigim si,

di sul fide; the&enethalor kgl opgeniMe Jrs wzi RE3sal €ai dg, ; Lumcsel eni de,

i ndium sel eniyde, tungsten sel enide, or cadnfunlteﬁlﬁﬁﬁgg%%t §°m %@V 2003
49 nmetal phosphide is indium phosphide; the netal arsenide is gallium
arseni de; the non-netallic sem conductor is silicon, silicon carbide,

di anmond, 1ger neRkURL @8 LTRA| dijoxi.de, ar _germaniumtel | uride; the

pol yneric senicondﬁ%tor i?Hngfy§§§9§?eﬁ§;agﬁeoﬁﬁo?éae%?e@s honBpoPyani on

i s \W0032"4' ; “andlt heTphst ouEereén hbeeanpohyi anei se XdBL040f Ao@r + XMLB062- '

wherein X i s Broubl conSRetPngr ofSchibi n.is.an integer froml
to 12. 17. T&? ggnﬁ?gi.éi on gi Egmderkg%é/gné)i%\r{\yefg?gtlsa? li?'4, 6, 9, 11,
or 12 wherei n Y Re°ERfbhgear BUSEfERY QPP ol @Rt e grewmntdasi sti ng of
chlorite, bisbif¢arkeonsutfiterbbydeosahdiges-sudfide, hypochlorite, cyanide,
bi carbonate, 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,

!




18. The conposition or powder of any one of clainms 1, 4, 6, 9, 11, or 12
wherein the gas is selected fromthe group consisting of chlori ne_dﬁcmwj%
sul fur di oxi de, hydrogen sulfide, chlorine, dichlorine nonoxide, 003
hydrocyani ¢ acid, carbon dioxide, nitrogen dioxide, nitric oxide, nitrous
oxi de and ozone. 19. The powder of any one of clainms 4, 5, 9, or 10 wherein
the layer is continuous. 20. The powder 38f any one of clains 4, 5, 9, or 10

wherein the |layeiotoakct hee pashdsdBpad $h Ohddg %ﬂ%;; f the core. 21.
The conpositi %@érc&?%{ I?f any one of clains 6, ,tao%,%t%(yre 10 wherein the
phot ocat al yst 1s selec dFromthe group consisting of a netal oxide, a
nmetal sulfide, a netal chalcogenite, a netal phosphide, a netal arsenide,
a non-netxa | i crreed ol i & semi.conductor, - 6_NOV 2003 50 a
S o BBL s J3RERd perrian trea meriid

phot oacti ve honopgpl yani on, and a r
conposition o ’ﬁ‘cﬂ())ﬁje‘ls Felaisd Lramhehs wrowe wenali stdxpdefi ¢ iselached from

the group consiisbiing ofziid anitve, dueisden Lragxagbde ,buagsLen trioxide,
rut heni um di O)&iig)%icferi qirurg.di oxj.de,, tin dioxide, stfontirum 't anat e,

barium titanate, tantaldm o té B umin Piarade, Besantinm) oxi de,

nol ybdenum t r tékiegeteni deinimm penboxitde, thAGhUnt bk ¥k des5¢ady,,uM oxi de,

haf ni um oxi det i +ahke@ni ide, nese di oxi de, copper oxide, vanadi um
pent oxi de, chromi u%ﬁ?r’i g)%:o e_,(qgrtIt) ?lgl%%gﬁ‘i 8§?H§,éem§‘f‘l G’éf ¥%78e, naARIUM
Ti.Zr1_X02 whBFEFR*Rdes Becieentgigndde;, cebeivetakide) fhaenismcadmigm

sul fide, zinczswtbbhdam okdeUmmatbbhdge §9RRELe SUL %é ngsten disulfide,
bismuth tri su{lghgg. or _zi Ec cadn‘i um di sul flge; .the(g %Iél ék‘%ﬁ%l cogenite is
zinc sel eni de, “ca i UnPSBFENEE, FRAPUMTSET bpkide, tybstien seienide, or
cadni um t el | usi tieert beideet ahdprognhi de Wisededi W@%&B&é@q ¢ he, et al
arsenide is gﬁélxiaélgggrggﬂkggé t he_non; et alJu‘irF? sem conductor is “silicon,
silicon carbide, dianond, gefnant ufif o ger et A% 5 fe, Sk &% mani um
telluride; thengbkynevitideentoppencenl fide palympatan ensulhridhot oact i ve

bismuth trisulfide, or zinc cadmium disulfide; the metal

chalcogenite 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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honopol yani on is W0032-4, ; and the photoactive heteropolyion is 2(!\(112040
or XgNBgOGZ' wherein x is Bi, Si, G, Por As, Mis M or W and.nplﬂggq@03
integer from1l to 12. 23. The conposition or powder of any one of cla

7, or 9 wherein the light is ultraviolet light or visible light. 24. A

met hod of retarding, killing, preventigﬁ or controlling mcrobiological
contam nation on a surface of a materi within the material or in the

at nosphere suﬁp@@@@ﬁn@ftmiequmxmmmkt1@0&nékgyngaﬁhaékﬁ9s§n§aEﬁE'm

t to a it i~@N +that el ease a biocid gas In the 6 NOV
Sob3 o1 aﬁseﬁég‘gmé%%t o el S B REr By Db, signe RS Cecangos: t i on

to el ectronmagh€ ésénéFg}eﬁétg@ﬁérbuecaddl geheﬁsemathée@éﬁ%@BEthHC'da

25.
as fromthe tohposhei aBmokphertheuat-BRsANS et§8r$999d'n e material
% met hod of retg?dlng, prevgntlng,ulnhlbltlﬁg or cont 'i ng bi ochem cal

deconposition on a surface of a material or wthin the mat eri al conpri sing

pl aci ng £he Aarethad afj aetatrdinga pﬁ@v@ﬁtimﬁg'ggggﬁce opgélégifgﬁggngt|c

| |
el e oY Wl e T
and rel ease df t?%h%% %ﬁewbtbthehh@amamhmiﬂﬂﬂnmeﬁﬂbﬂﬂﬁ“ﬂléd11&;QQ%aA o hod
the conposi timacéni gl the; AEERSPHST S SO oY ndi g ghe %Htasglrri? meleage o

f ntrollin £ £S irario f a mater| conprising
gdjggent to égco ?T%% GRTRIESE ¥t - indlidddd ng Igmspiimattiton -adondried | | ng

gas in the mmmommwwgﬁ QN PhpANGLRRS I

te and releéie atcieast one
conposi tion Hﬂ:%i éﬁ%ﬁ?g £ ener 0 enera
respiration- contr % ?éQ/(F A, reHeagamddpher e

sur r oundi ng EW%?%ﬁuQﬁﬁ 1OQMEmeahﬂde¢mpbsd&dd@puthgla1%@Lb%%ef@%nﬁ
material or the AdgsPhers s yndi material or .enhancing
freshness of the materiai, co#%%?5|ng%%FEg%her§ ﬁ&FEPPEPlnng ent to a
conposition _ not release a deodorizing gas in the absence of

el ectromagnetic energy, and exposing the conposition to el ectromagnetic
energy 5@ A method of controlling respiration of a material
comprising placing the material adjacent to a composition
that does not releaée 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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enerate and rel ease at |east one deodorizing gas from the conposition
?nto the atnosphere surrounding the naterial. 28. A method of reta dhag,um3
preventing, inhibiting, or controlling chemptactic attraction of~a
organismto a 6 NOV 2003 52 material, conprising placing a materi al
adjacent to a conposition that does rm%zrelease an odor-masking gas or an
odor-neutralizing gas in the absence of”<el ectromagnetic energy, and

exposi ng the @@ﬂ¥%ﬁm&h(ntdmprxﬁung:@Qm@g&gtbc“@@@&ggltgdgggghgtﬁ and rel ease

at | east one n S or._odar-neytralizin rom-t
conposi tion |ﬁ?b ?ﬁgﬁggﬁ%gjﬁ%rgﬁgurrSﬁn5Fx§aﬁﬁeaﬁa?@PFamasﬁgngAsnsth@d of

ret arding, pr@?eﬁépﬁgn§ﬁté@#ﬂﬂémgiHgs bnothglaabeﬁ@@taﬂlnatlon of an

o goner at o and reLoase ntY| eaer s A TRy GRePO R Fbfpenee
te el ease a

Egnpggpfrgn |%?8C%ﬁ8mﬁﬁﬁﬁ§ﬁﬁeF§e§EyrBanaﬁﬁgr@h@ an@npebeas@natSDeaé¥nethod

of retarding, Opeevénrkmgshﬂngoghéobklagorbhghggéfgélgg A pation of a

t I in eri adj acent to the conposi fon, and
exposi g the connairt o8 Hsoc Ber T LRRBREETE. SHEr Y Eingarer dtekomial

rel ease at | east one decontanlnatlng gas fromthe conposition into the

e, s g ety ol IS SRARAD0, 1L

ting, ontrolling mcro
B:ggggtl ng, n;h‘?f) @1 %‘H%?%‘H‘P%go%lmh@mmhemhecmnmdmr@ on a
t I
surface of exameﬁlmg thmt&mmpéé&tléﬁiﬁﬁ Ale Hrdr Fg%ﬁgﬁlg% he

surroundi ng t odori a surface of a na
atm)sphereg éﬁf}oun In rﬁﬁ%ﬁléﬁrh RS G IGoatRReaa tding lgas nat eri al |

or retardi ng,fgrevdm |Cngnpcpsmmmn iingso athe @wﬁfds@ﬂelx@ SERYRERBHSL the

At terial
attraction of mto a material, conprising placing a nma
adj acent to ; céﬁ%%§$%fon t hat does not rel ease chlorine dioxide gas in

the absence of el ectromagnetic energy, and exposing the conposition to
el ect r oBAgNen meanYYH & ANAidE Fvithel 2083 r0111ng

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




{ 53 release chlorine dioxide gas fromthe conposition into the atnosphere
surrounding the material. 32. A nethod of retarding, killing, preventing or
controlling mcrobiological contam nation on a surface of a natekl INOg 2003
within the material or in the atnosphere surrounding the nmaterial,
conprising placing a material adjacent tgQ a conposition that does not

rel ease a biocidal gas in the absence 58 | i ght, and exposing the

conposi tion tor¢ighte chlgeheeattornde r¢heastomts ALK, -g%&gif$% gas
from the conpmﬁété@mbéﬁﬁékéhgugégR%QQEre surroundi ng the haterial->33. A
met hod of retarding, preventing.  TRhiDBIYing dFet&%GdYol ing bi ocheri cal
deconposition on a surface of a material or within the material conprising
placi ng t3e ratestiladd aslf aceidrd hd GQ i that .does not release a
bi ocheni cal degongsi ty on- i rhihi bi ti%g,qgggq?{ "t %}er}eérﬁél Ad¥ Gt QGHOL dme
exposi ng the compositlom 1Tt | GHtAH Nafemsr gine aaminfelceasd at maeasti ane
bi ochem cal _ dEédrigosiita amieidl iy rane HeRRRCATRASLLLAR L1 ;L he

. . g the
at nosphere suhgggﬁqbng Eﬂﬁ&ﬁ&ial' 34. A nmethod of controlTTng
respiration of a naterial comprisFig pifcPngorRE 1At 8A0 areadj scent to a
conposi tion (REPOFIES Hotthadl sless aotespilratkon- boBtiahli §Es0as kAo the
absence of |i gbtenaedocgXnagiHe LLi tg light . to generate and
rel ease at | egst Qne rﬁspi?It?o%@%b%%??gﬁhéngﬂﬁagowp8%fFﬁ@ncgﬁpééﬂbFon into
the atnospheré- Surrdanfi AG% FELRAEEr REI le88t Aneebhodidhl deadoriainng a
surface of a hFheerpabositibe iatavsnaeégm§gﬁﬁgygdgngr5@§df§%§§£al or
enhancing frgghpesg;of the material, conprising pTaC|ng a eTi al
adj acent to a conposifion that does not release a deodorizing gas in the
absence of light, and exposing the 6 NOV 2003 54 conposition to light to
gener at e3and x eheassdabr! : 1.zl n as fromthe conposition
into the atnosphere surrgﬁﬁﬁfﬁgs?hgﬁﬁﬁéé?%ﬁg’%g%ﬁP%ﬁ&WﬂxP%f retarding
preventing, iAAFETehiRd oPioehemier] i frrotmrwiticii omtd ractiaee o ap

organismto anaterial or within the material comprising placing the

material adjacent 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




material, conprising placing a material adjacent to a conposition that

does not rel ease an odor-nmasking gas or an odor-neutralizing gas in,the
absence of light, and exposing the conposition to light to generat"eﬁeNQy 2003
rel ease at |east one odor-nasking gas or odor-neutralizing gas fromthe
conposition into the atnosphere surrounding the material. 37. A nethod of
retardi ng, preventing or controlling bﬁélogical contam nation of an

at nosphere by eXPppSEhyiohetocbighsi tbofehOrd te and_ rel ease at
o he sl e & e her o

| east one decgatayd 10g.gas-fromthe co | _
surroundi ng the 6%%%2%%%?0%&93§?0%\ﬁﬁ?ﬁaﬂ“ S}teten ditiep ¢ latmpsphere
preventing, orSUEEPER®iny ngher mabéroibgi cal contami nation, or retarding,
preventing, inhibiting, or controlling biochem cal deconposition on a
surface of. a q@terial v%thin the material or in the atnosphere
surrounding t e THtEd £ THARRINGI RFevenfrinmge iohidbinsiter,i ar or the
at nosphere  surardumdi nihd hehemdteidiala LG RG, E&e%%n%§§a%§5}h% material,
or retarding,Mygggygfruéo'rygéﬂtiggkiqr controlling chenotac i©
attraction of an orgari smto a  ItEAHNI CoMptiesing praeicegta tuaker i al
adj acent to a“¥mAFOSiiciokhdtatdmsesiototrenebeas anc okl AR st Y de-0as i n
t he absence ofanl icgiy- @R 1 e.conposition to _ligh o generate
e S, L EugoARBeTEFoR ] hEBDEN

and rel ease chlorine dioxide gasfr € Co i ed38€nospher e
surroundi ng t AEPORENEr it&e COMBPOoRdyi2m080551988. tA gehhpdtEoangr e¥i dhBg
control | ed rehtadeast aheleaak—ﬂﬁ%kiﬂéngQ”BEi8&89iné§lr85?¥5ding a solid
or a solids-cept ighggcs%sﬁeniion .contai ni ng an energy-ac Fvate 2fat al yst
and anions capabl & of BEPNT 5% 8i 288°0F heebrearhergemerarendingense one

gas, and (b) ®eRpesiadg.the solid or the solids-containing suspension to
el ectromagnetic energy to activate the catalyst and oxidize or react the
ani ons tgagenerate and release the gas. 40. A nmethod for providing

control l

“gehefatinef ahdreeredéng, preventing or controlling
biological contamination of an atmosphere by exposing the
composition 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.




of at |east one gas conprising: (a) providing a solid or a

sol i ds-cont ai ni ng suspensi on containing a photocatal yst and ani ons,c %I&
of photo- oxidizing or reacting to generate at | east one gas, and~ @H&ﬂ? 003
exposing the solid or the solids-containing suspension to light to activate
t he photocatalyst and photo-oxidize or _react the anions to generate and

rel ease the gas. 41. The nethod of cl aP™ 39 or 40 further i ncluding after

step (b)3%he Stegpiied Tir pevending @IRGIJIORINRNIG LNYIOY, OF (Jight from

contacti ng thegasgald'cqnaﬁ_:-gﬂfgesol i ds-containing suspension to s oaloS one
mnimze generation n‘dllre ase of the gas fromthe solid or the

sol i ds- cont ai ni¥g REEPeHADR AL id e retsedd gef- celngiaMr hof %}s!g)%rngi%g; udi ng

after step (clortharste i)erfrHXRR3i0G Lhe SoLhd or the solids-

cont ai ni ng susg rézoi on &o el ect rr(?%%q%gnetﬁ%%tgﬁgrcﬁlgaétﬁ’slgi A4 Esume or

i ncrease generati ACard P8idgs @36 ized §&s refpcordt he gehkedaoe tlieleast

sol i ds- cont ai eeggsgspemsi on. 43. The nethod of claim 39 or 40 wherein the

solid is a pqowpge f.i 0at.i.n a fiber. Lr 6 NOV 2003 56 44. A
process for psggar%f{ﬁgséh gl\%&%r %ﬁra%gi g#ngkﬁoﬁf’?6@Fé6°n§ﬁéflanﬁed rel ease of

at | east one §HSPeRRécPr 6€esdectonprigaende afdseidiNgoad-LDeLO%- agLi vat ed

catal yst and pathil¢kesango yALAgani capabl e, of being oxidized or
reacted to gengra?e aiglegg?aghg agskggﬁﬁ gREO?Qé%?StBOf FHFE2&8spedsi on;

and forning a"poWdBF FPSGnPRRe suspension, the powder, when exposed to

el ectromagneti c energy, being capable of generating and rel easing the gas
after aggivali t catal yst _and oxidation or reaction of the anions.
45. A process f@?t%%%pggfnﬁrgy% WRr COroNe it oy IerRTAt i andistel ewak

rel ease of at°f cdlstlemet gase ¢he goopessingonprising: admixing a

phot ocat al yst (andoRe¢1Lh§ss COM gy Nl g, anions that are capable of
photo-oxidiziqglor_reacti% t'o b SO1{UE- cottaining suspension
containing a photocatalyst and anions capable 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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generate at |least one gas with a solvent to forma suspension; and form ng
a powder fromthe suspension, the powder, when exposed to |ight, being
capabl e of generating and releasing the gas after activation of tL?EB NOV 2003
phot ocat al yst and phot o-oxi dation or reaction of the anions. 46. The
process of claim44 or 45 wherein the particle is a salt selected fromthe
group consisting of an alkali netal chl%iite, an al kal i ne-earth net al
chlorite, a chlorite salt of a transition netal ion, a protonated
primary, $econdapyoeeskefbi-a 1.6 or _a quaternary amne, an alkal
met al bisulfite,pgn.algaline?gg gkgﬁgtﬁlpOBgEEIPF?E}ghn%i§9m¢r©blsdlt of a
transition met3rsrdnpte rﬁ%%ﬁﬁﬁa@édaprlﬁasy,osquﬂgaryh@rpf@%éggry am ne,
or a quaternagmanisengan al kali netal sulfite, an al kaline W6 Nov 2003
57 earth metal sulfite .a sulfite salt of a transition metal ion, a
protonated prinary,” secondary’ ot EETY T3yl ak ek, catmlestquatd el @réde, an
al kal i netal Si@TGafning anlde i cepaeld homins Wiligde,. p syl fide salt of a
transition nmetgdnd@te aanor]g%%?t&ge prisnar.y, secondary or Fert§ar fi%e,
or a quaternary am ne, an alkali_metat® Hydt G AFivesit &e diokal iane- eart h
netal hydr osul T RE Ty dissul fi de salt of a transition netal ion, a
protonated pri mar\forsEeNER B, ALYy _amne, or. a quaternary am ne
an al kal i net%hen'kkkfﬁfggn g%kalﬁ%gﬁggffheng%gpenﬁﬂpprte, antrite salt
of a transition meralCSton vaen Frecsest o ghiersrpmageeondaeyeetyt, ebkli by
amne, or a GaRR&leacf geneeatdmoakkal ireMBLEL ygggh%ggig%t an
of ~~a

al kal i ne- eart hpetak jhypachlorite hypochl ori Te sal f ®fransition
netal ion, anggotonageﬁ %?i%%FyFa§8§8ﬁ§aP§d grifekipargraneaction af

guaternary a g, 2BACEPkal i net al cyani de, an al kaline-earth netal
cyanide, and a cyanide salt of a transition netal ion, a protonated
prinary,455ecgnd%rg or tertiary amne, or a quaternary am ne.
: process Lor preparing a powder providing controlled
sustained release of at least one gas,

comprising:

the process

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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earth metal sulfite, a sulfite salt of a transition metal
ion, a protonated primary, secondary or tertiary amine,
Or a quaternary amine, an alkali metal sulfide, an
alkaline-earth metal sulfide, a sulfide salt of a
transition metal ion, a protonated primary, secondary or
tertiary amine, or a quaternary 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 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.
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