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COMBINED CHEMILUMINESCENT AND FLUORESCENT
POWDER MARKING SYSTEM

[001] The present application claims priority to U.S. Provisional Patent
Application No. 61/584,299, filed November 28, 2011, which is incorporated herein
by reference.

[002] The present disclosure relates to a powder composition comprising
both chemiluminescent and flucrescent components. The powder composition can
be used to produce markers and signals that can be used in a variely of applications,
including military and law enforcement fraining, and in tactical operations.

{003] Markers are used by both military and law-enforcement organizations
for training, in tactical operations, and on the battlefield. The markers can be used to
visually identify larger-scale targets such as the ground location of enemy equipment
and vehicles, as well as smaller-scale targets such as an individual or a specific
portion of an individual to indicate where that individual had been hit, for example, by
a projectile. In these applications, i is desirable to have the ability to mark a target
and have the target stay marked over an exiended period of time,
Chemiluminescent marking systems can be light sensitive, and may lose the ability
o generate light over fime.

{004] For these aforementioned applications, it is desirable to have a
marking system that generates signals that can be seen in both darkness and in
daylight. Therefore, there is a need for such a marking system that may be visible in
daylight and/or with thermal and/or night vision devices in darkness.

[005] According to the present disclosure, this can be achieved by
employing a marking system, which is in powder form, comprising at least one
oxalate ester, at least one fluorescer, at least one peroxide, at least one catalyst, and
at least one secondary flucrescent agent. In cerlain embodiments, it is desirable to
formulate a marking system, which is in a granular form, that can be deployed on a
surface and which is dispersed in either an activated state, or wherein one part of the
chemistry is microencapsulated, such that the pressure of movement ocourring upon
the surface causes initiation of the light emission.

[006] In accordance with the present disclosure, the at least one oxalate
ester, the at least one fluorescer, the at least one peroxide, and the at least one

catalyst are admixed at the time of use for the generation of light. Altering at least
-
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one of these components through microencapsulation, for example
microencapsulating the at least one oxalate ester, serves to delay the generation of
light through the chemiluminescent reaction. An application of force would then
rupture the microencapsulation around the oxalate ester and resulf in its interacting
with the other active ingredients, inifiating the chemiluminescent light generating
reaction. This light can be discernable in the IR, UV, and/or visible light
wavelengths. The inclusion of the at least one secondary fluorescent agent to the
compositions of these embodiments allows the marked target {o be visible after the
chemiluminescent reaction stops generating appreciable light.

{007] Inceriain embedimenté the chemiluminescent components and the
secondary flucrescent components are selected to work in tandem. The
chemiluminescent components emit light in the visible, ultra-violet, or infrared
spectrum as the resuit of a chernical reaction. The secondary fluorescent
components can be selected for their ability to absorb at least some of the light
generated by the chemiluminescent components, and then reemit light at a different
wavelength.

[008] Other objects and advantages of this invention will become apparent
from the following description,

[008] Unless otherwise indicated, ail numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification and claims are
to be understood as being modified in all instances by the term “about.” Accordingly,
uniess indicated to the contrary, the numerical parameters set forth in the following
specification and attached claims are approximations that may vary depending upon
the desired properties sought to be obtained by the present disclosure.

[010] The powder marking system of the present disclosure is identifiable in
the visible light range and, when activated, by both thermal and/or night vision
goggles. “Activation” as used herein means thal a chemical reaction between the
multiple chemiluminescent components has starfed. In accordance with the present
disclosure, the powder compositions disclosed herein can be provided in any
desirable color.

[011] Altering for example the at least one oxalate ester by
microencapsulating delays the generation of light upon admixing with the other
chemiluminescent components uniil a force has been applied fo the

microencapsulation. In other embodiments, at least one of the other components can
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be microencapsulated. The application of force on the mixture can rupture the
microencapsulation and results in the interaction of the released componeni(s) with
the other active ingredients, initiating the chemiluminescent light generating reaction.

{012] Examples of the at least one oxalate useful in the present disclosure
include bis(2,4,5-trichioro-8-carbopentoxyphenyljoxalate; bis(2,4,5-
trichlorophenylioxalate; bis(2 4, 5-tribromo-8-carbohexoxyphenylioxalate; bis(2,4,5-
trichloro-6-carboisopentoxyphenyl) oxalate; bis(2,4,5-trichioro-6-
carbobenzoxyphenyl) oxalate; bis(2-nitrophenyloxalate; bis(2,4-
dinitrophenyloxalate; bis(2,8-dichloro-4-nitrophenyl) oxalate; bis(2,4,6-
trichlorophenylioxalate; bis(3-frifluoromethyl-4-nitrophenylhioxalate; bis(2-methyl-4,6-
dinitrophenyhoxalate; bis(1,2-dimethyl-4,8-dinitrophenyljoxalate; bis{Z,4-
dichlorophenyljoxaiate; bis(2 4-dinitrophenyljoxalate; bis(2,5-dinitrophenyljoxalate;
bis(2-formyl-4-nitrophenyhoxalate; bis(pentachiorophenyloxalate; bis(1,2-dihydro-2-
oxo-1-pyridyhglyoxal; bis(2 4-dinitro-6-methyiphenyloxalate; bis-N-phthalimidyl
oxalate; bis{2-nitfrophenyi)oxalate; bis(2 4-dinitrophenyloxalate; and oxalates
represented by the general formula (1)

0 ® (0

[013] wherein R = CHA and A is chosen from atkyl chains, alkyl rings, and
aromatic rings or combinations thereof, such that R is nonlinear and such that R
comprises from 4-15 carbons, and mixiures of any of the foregoing oxalates.

[014] Nondimiting examples of oxalates represented by formuta (1) include:

bis{3 4 8-trichloro-2-[(2-methylpropoxy)carbonyliphenyl} oxalate;

bis{3, 4 8-trichloro-2-[{cyclopropyimethoxyjcarbonyliphenyl} oxalate;

[

[

bis{3,4 B-trichloro-2-[(2-methyibutoxy)carbonyllphenyl} oxalate;

bis{3,4,8-trichloro-2-{(3-methylbutoxy)carbonyliphenyl} oxalate;
[

bis{3,4,6-trichioro-2-[(2, 2-dimethylpropoxyjcarbonyljphenyl} oxalate;
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bis{3,4,6-trichloro-2-{(2-methylpentyloxyjcarbonyijpheny!} oxalate;

bis{3,4,6-tri chloro-2-{{(4-methylpentyloxy)carbonyllphenyl} oxalate;

{
bis{3,4,6-trichioro-2-{(3-methylpentyloxyjcarbonyliphenyl} oxalate;
[

bis{3,4,8-trichlore-2-{(

3,3-dimethylbutoxy)carbonyijphenyl} oxalate;
bis{3,4,6-trichloro-2-[(2-sthylbutoxy)carbonyliphenyl} oxalate,
bis{3,4,6-trichloro-2-[{cyclopentylimethoxyjcarbonyliphenyl} oxalate;
bis{3,4,6-trichloro-2-{(2-methyihexyloxy)carbonyilphenyl} oxalate;

[
[
[
[
bis{3 4 6-trichloro-2-[(3-methylhexyloxy)carbonyllphenyl} oxalate;
bis{3 4 6-trichioro-2-{(4-methyihexyloxy)carbonyilphenyl} oxalate;
bis{3,4,6-trichioro-2-[(8-methylhexyloxyicarbonvijphenyl} oxalate;

bis{3,4 6-trichloro-2-[{cycichexylmethoxyjcarbonyliphenyl} oxalate;

bis{3,4, 6-trichloro-2-{{phenyimethoxy)carbonyliphenyl} oxalate;
bis{3,4,6-trichioro-2-{{2-phenylethoxy)carbonyllphenyl} oxalate;

bis{3, 4, 8-trichioro-2-{{(2-methylphenylimethoxylcarbonyliphenyl) oxalate;
bis(3,4,8-trichloro-2-{{(3-methyiphenylimethoxylcarbonyliphenyl) oxalate;
bis{3,4,8-trichloro-2-{[{4-methylphenylimethoxylcarbonyliphenyl) oxalate;
bis{3,4,8-trichloro-2-{](2, 3-dimethylphenylmethoxylcarbonyi}phenyl) oxalate,
bis(3,4,6-trichloro-2-{[(2 4-dimethylphenylimethoxylcarbonyijphenyl) oxalate;

bis{3 4, 8-trichloro-2-{[3,4-dimethylphenylimethoxylcarbonyliphenyl) oxalate,

bis(3,4,8-trichiore-2-{
bis(3,4,8-trichloro-2-{{(2-ethylphenylimethoxyicarbonyliphenyl) oxalate;

(2,8-dimethylphenyhmethoxylcarbonyilphenyl) oxalate,

bis(3,4,8-trichloro-2-{{{(3-ethylphenylimethoxylcarbonyliphenyl) oxalate;
bis(3,4,8-trichioro-2-{{{(4-ethyiphenyimethoxylcarbonyliphenyl) oxalate;
bis(3,4,6-trichloro-2-{
bis{3,4,6-trichloro-2-{{2-(3-methylphenyliethoxyjcarbonyliphenyl) oxalate;

[

[

[

]

[
bis(3,4 6-trichloro-2-{{(3,5-dimethyiphenyimethoxylcarbonyliphenyl) oxalate;

[

{

[

[

[2-(Z-methyiphenyhethoxylcarbonyilphenyl) oxalate;

[
bis{3,4,8-trichioro-2-{[2-{4-methyiphenyliethoxylcarbonyliphenyl) oxalate;
bis{3,4,6-trichioro-2-{(2-phenylpropoxy)carbonyliphenyi} oxalate;
bis!{3 4,6-trichloro-2-[(3-phenylpropoxy)carbonyliphenyl} oxalate;
bis{3,4,6-trichloro-2-[ t-naphthalenyimethoxy)carbonyliphenyl} oxalate;
bis{3 4 6-tfrichioro-2-[2-naphthalenyimethoxyjcarbonyl]phenyl} oxalate;

[

]

[
bis{3 4 6-trichloro-2-{(2,2-diphenylethoxy)carbonyliphenyl} oxalate;
bis{3, 4 B-trichloro-2-{(8-fluorenyimethoxy)carbonyljphenyl} oxalate; and
[

bis{3,4,6-trichloro-2-{{8-anthracenyimethoxyjcarbonyllphenyl} oxalate.
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Additional examples of oxalates represented by general formula (1) are disclosed in
U.8. Published Application No. 2011-0084243, the disclosure of such oxalates being
incorporated herein by reference.

[015] Examples of the ai least one fluorescer useful in the present
disclosure include, but are not limited to, 1-methoxy-8,10-
bis(phenylethynylanthracene; perylene; rubrene; 16,17-didecycloxyviclanthrone; 2-
ethyl-8,10-bis(phenylethynybanthracene; 2-chioro-8,10-bis{4-
ethoxyphenyhanthracene,; 2-chloro-9,10-bis(dmethoxyphenyhanthracene; 9,10-
bis{phenylethynyhanthracene; 1-chloro-8,10-bis(phenylethynyllanthracene; 1,8-
dichloro-8,10-bis{(phenylethynybanthracene; 1,5-dichioro-8,10-
bis{phenylethynyhanthracene; 2,3¥dichi@ra~g,10wbis(phenyiethynynanthracene; §,12-
bis{phenylethynyhtetracene,; 9,10-diphenylanthracene; 1,6,7,12-tetraphenoxy-N,N'-
bis(2,8-diisopropyiphenyl}-3,4,9,10-perylene dicarboximide; 1,6,7,12-tefraphenoxy-
N,N'-bis(2 5-di-t-butyipheny!}-3,4,8,10-perylene dicarboximide; 1,7-di-chloro-6,12-
diphenoxy-N,N'-bis(2,6-diilsopropyiphenyl}-3 4,9, 10-per- viene dicarboximide;

1,8,7 12-tetra(p-bromophenoxy)-N,N'-bis(2,6-diisopropylpheny}-3,4,9,10-p- eryiene
dicarboximide; 1,8,7,12-tetraphenoxy-N,N'-di-neopentyl-3,4,8,10-perylens
dicarboximide; 1,6,7,12-tefra{p-t-butyiphenoxyN,N'-dineopentyl-3,4,9,10-perylene
dicarboximide; 1,8,7,12-tetra{o-chiorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-
3,4,8,10--perylene dicarboximide; 1,6,7,12-tetra(p-chiorophenoxy)-N,N'-bis(2,6~
diisopropyiphenyl}-3,4,8,10-- pervlene dicarboximide; 1,8,7,12-tetra(o-
fluorophenoxy)-N,N'-bis(2 6-dilsopropyiphenyi}-3,4,9,10- perylene dicarboximide;
1,8,7,12-tetra(p-flucrophenoxy)-N,N'bis(2, 6-diisopropyiphenyi}-3,4,9,10-p- erylene
dicarboximide; 1,8,7,12-tefraphenoxy-N,N'-diethyl-3,4,9,10-perylene dicarboximide,
1,7-dibromo-8, 12-diphenoxy-N,N'-bis(2-isopropylphenyi}-3,4,9,10-perylene
dicarboximide; 16,17-dihexyloxyviolanthrone; and 1,4-dimethy-9,10-
bis{phenyiethynyhanthracene.

[018] Catalysts useful in the present invention include, but are not limited to,
sodium salicylate; sodium-5-flucrosalicylate; sodium-5-chiorosalicylate; sodium-5-
bromosalicylate; sodium triflucroacetate; potassium salicylate; potassium
pentachiorophenolate; lithium salicylate, lithium-3-chlorosalicylate; lithium-5-
chiorosalicylate,; lithium-3,5-dichlorosalicylate; lithium-3,5,6-trichiorosalicylate;
lithium-2-chlorobenzoate; lithium-5-t-butylsalicylate; lithium friflucroacetate; rubidium
acetate; tefrabutylammonium salicylate; tetrabutylammonium tetrafiucborate;
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tetraethylammonium benzoate; tetrabulylammonium benzoale; tetrabutylammenium
hexafluorophosphate; tetrasthylammonium perchiorate; tetrabutylammonium
perchiorate; tetracctylammonium perchlorate; tetrabutylammonium-2,3,5-
trichlorobenzoate; tetramethylammonium triflucroacetate; magnesium salicylate;
magnesium-5-t-butyl-salicylate; magnesium-3-chiorosalicylate, magnesium-3,5-
dichloro-salicylate; and magnesium-3,5,6-{frichlorosalicylate.

[017] The amount of the at least one oxalate and the at least one flucrescer
employed in the present disclosure is upwardly limited only by the solubility of the
ester and flucrescer in the solvent chosen to produce the powder composition.
However, as would be appreciated by one in the art, the efficiency of the reaction
would decrease at certain high concentrations. In certain embodiments, the at least
one oxalate is present in an amount ranging from 3 percent to 80 percent by weight,
based on the total weight of the chemiluminescent components in the powder
comnposition. For example, the at least one oxalate can be present in an amount
ranging from 3 percent to 50 percent by weight, based on the total weight of the
chemiluminescent components in the powder composition, such as from 3 percent to
40 percent by weight, from 3 percent to 30 percent by weight, from & percent to 25
percent by weight, and from 7 percent {o 25 percent by weight. In cerlain
embodiments, the at least one fluorescer is present in an amount ranging from 0.05
percent to (.9 percent by weight based on the total weight of the chemiluminescent
components in the powder composition. For example, the at least one fluorescer
can be present in an amount ranging from greater than 0.05 percent by weight {0 0.9
percent by weight, based on the fotal weight of the chemiluminescent components in
the powder composition, such as from greater than 0.1 percent by weight, from
greater than 0.2 percent by weight, from greater than 0.3 percent by weight, from
greater than 0.4 percent by weight, from greater than 0.5 percent by weight, from
greater than 0.6 percent by weight, from greater than 0.7 percent by weight, and
from greater than 0.8 percent by weight. in addition, the af least one fluorescer can
be present in an amount ranging from 0.05 percent by weight to less than 0.8
percent by weight, based on the total weight of the chemiluminescent components in
the powder composition, such as from less than 0.8 percent by weight, from less
than 0.7 percent by weight, from less than 0.6 percent by weight, from less than 0.5
percent by weight, from less than 0.4 percent by weight, from less than 0.3 percent
by weight, from less than 0.2 percent by weight, and from less than 0.1 percent by
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weight. it is also intended that the amount of the at least one oxalate and the at least
one flugrescer can range between any of the numerical values listed above.

[018] Examples of the ai least one peroxide useful in the present disclosure
include, but are not limited to, hydrogen peroxide; sodium peroxide; sodium
perborate; sodium pyrophosphate peroxide,; urea peroxide; histidine peroxide; t-
butyl-hydroperoxide; and peroxybenzoic acid, sodium percarbonate, and mixtures
thereof. In cerfain embodiments, the at least one peroxide is present in an amount
ranging from 0.25 percent to 25 percent by weight, based on the total weight of the
chemiluminescent components in the powder composition. For exampile, the at least
one peroxide can be present in an amount ranging from 0.25 percent to 20 percent
by weight, based on the fotal weight of the chemiluminescent componenis in the
powder composition, such as from 0.5 percent to 20 percent by weight, from 0.5
percent {¢ 15 percent by weight, from 0.5 percent to 10 percent by weight, and from
0.5 percent to 6 percent by weight. In certain embodiments, the atleast one
peroxide of the present disclosure can be hydrogen peroxide.

[019] Examples of the at least one catalyst useful in the present disclosure
include, but are not limited to, sodium salicylate, lithium salicylate, &-chlorolithium
salicylate |, triazoles (e.g., 1,2,3-triazole and 1,2 4-friazole), substituted triazoles (e.g.,
substituted 1,2,3-triazole and substituted 1,2 4-triazole), imidazoles, and substituted
imidazoles. In certain embodiments, the at least one catalyst is presentin an
amount ranging from 0.0005 percent to 0.5 percent by weight, based on the total
weight of the chemiluminescent components in the powder composition. For
gxample, the at least one catalyst can be present in an amount ranging from greater
than 0.0005 percent by weight to 10 percent by weight, based on the total weight of
the chemiluminescent components in the powder composition, such as from 0.001
percent or greater by weight, from 0.005 percent or greater by weight, from 0.01
percent or greater by weight, from 0.05 percent or greater by weight, from 0.1
percent or greater by weight, from 0.25 percent or greater by weight, from 0.5
nercent or greater by weight, from 1 percent or greater by weight, from 1.5 percent or
greater by weight, from 2 percent or greater by weight, from 2.5 percent or greater by
weight, from 3 percent or greater by weight, from 3.5 percent or greater by weight,
from 4 percent or greater by weight, from 4.5 percent or greater by weight, from §
percent or greater by weight, and from 7.5 percent or greater by weight.
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[020] Examples of the at least one secondary fluorescent agent useful in
the present disclosure include, but are not limited to, UV fluorescent powders, polar,
non-polar, water soluble, visible absorbers, and phosphors. In some embodiments,
the at least one secondary fluorescent agent absorbs at least some of the light
generated by the chemiluminescent reaction, and then re-emits light. In other
embodiments, the at least one secondary fluorescent agent makes only a visible
color appearance. in certain embodiments, these fluorescent agents can be produce
from dyes such as Brown HT, Quinoline Yellow; Indigo Carmine; Brilliant Blue FCF;
Ponceau 4R; Sunset Yellow; Indigotine; Fast Green FCF,; and Alura Red AC. In
certain embodiments, the at least one secondary fluorescent agent is present in an
amount ranging from 1 percent {o 55 percent by weight, based on the total weight of
the chemiluminescent components in the powder composition. For example, the at
least one secondary fluorescent agent can be present in an amount ranging from 1
percent to 40 percent by weight, based on the total weight of the chemiluminescent
components in the powder composition, such as from 1 percent to 30 percent by
weight, from 1 percent to 20 percent by weight, from 5 percent to 15 percent by
weight, from 5 percent to 25 percent, and from 10 percent to 30 percent by weight,

[021] The powder marking system according to the present disclosure can
be formed through the use of at least one solvent. Examples of the at least solvent
include, but are not limited fo, dimethy! phthalate, dibutyl phthalate, dioctal phthalate,
butyl benzoate, acety! tristhyl citrate, triethy! citrate, ethylene glycotl dibenzoate, and
propylene glycol dialkyl ether containing one to three propylene moleties and each
alkyl group is independently a straight-chain or branched-chain alkyl group
containing up to 8 carbon atoms. Further examples of the at least one solvent
include propylens glycol dialky! ethers containing two propylene moieties such as
dipropylene glycol dimethy! ether, dipropylene glycol diethyl ether and dipropylene
glycol di-t-butyl ether, dibutyl phthalate, butyl benzoate, propylene glycol dibenzoate,
ethyl-hexy! diphenyl phosphate, and mixtures thereof.

[022] The powder marking system according to the present disclosure can
be formed through the use of at least one solid substrate, Examples of the at least
solid substrate include, but are not limited to, potato starch, arrowroot, rice starch,
wheat starch, and combinations or mixtures thereof. in certain embodiments, the at
least one solid substrate is present in an amount ranging from 10 percent to 60

percent by weight, based on the total weight of the chemiluminescent components in
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the powder composition. For example, the at least one solid substrate can be
present in an amount ranging from 10 percent to 50 percent by weight, based on the
total weight of the chemiluminescent components in the powder compaosition, such
as from 10 percent to 40 percent by weight, from 10 percent to 30 percent by weight,
from 10 percent to 20 percent by weight, from 15 percent to 25 percent, from 20
percent to 80 percent, from 30 percent to 80 percent, and from 40 percent to 60
percent by weight.

EXAMPLES

[023] In one illustrative embodiment, the following components were

individually made:
e & water solution of 13.4% sodium salicylate and 86.6% water,
s adye solution with 0.54% rubrene and 99.455% propylene glycol
dibenzoate; and
e  an activator solution with 12 % 50/50 peroxide and 88% triethyl
citrate.

[024] The water solution was mixed with starch / corn at a ratic of 28.63%
of water solution to 71.37% starch / corn. The mixture was then dried {o a minimum
of 8% moisture. The dried mixture was then added to the rubrene dye solution and
the activator solution in a ratio of 73.3%/13.3%/13.3%, respectfully. The mixture was
further dried, as appropriate, to produce a powder composition that, when combined
with at least one oxalate and at least one fluorescer agent, emits light.

[025] Other embodiments of the disclosure will be apparent to those skilled
in the art from consideration of the specification and practice of the disclosure herein.
It is intended that the specification and examples be considered as exemplary only,
with a true scope and spirit of the disclosure being indicated by the following claims.
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What is claimed is:

1. A marking system, which is in powder form, comprising at least one
oxalate ester, at least one fluorescer, at least one peroxide, at least one catalyst, and
at least one secondary fluorescent agent.

2. The marking system of claim 1, wherein the at least one oxalate ester
is chosen from bis(2,4,5-trichloro-8-carbopentoxyphenyljoxalate, bis(2,4,5-
trichlorophenylioxalate, bis(2,4,5-tribromo-6-carbohexoxyphenyl)oxalate, bis(2,4,5-
trichioro-6-carboisopentoxyphenyl) oxalale, bis(2,4,5-trichioro-6-
carbobenzoxyphenvl) oxalate, bis(2-nitrophenylioxalate, bis(2 4-
dinitrophenylioxalate, bis(2,6~dichiorc—éimnitrophenyi} oxalate, bis(2,4,6-
frichlorophenylloxalate, bis(3-triflucromethyl-4-nitrophenylioxalate, bis(2-methyi-4,6-
dinitrophenyloxalate, bis(1,2-dimethyl-4,8-dinifrophenyljoxalate, bis(2,4-
dichlorophenyloxalate, bis(2 4-dinitrophenylioxalate, bis(2 5-dinitrophenylioxalate,
bis(2-formyl-4-nitrophenylioxalate, bis(pentachiorophenyljoxalate, bis(1,2-dihydro-2-
oxo-1-pyridyi)glyoxal, bis(2, 4-dinitro-8-methyiphenyloxalate, bis-N-phthalimidyl
oxalate, and oxalates represented by formula (1)

A
23
N
O R SN
g %

5 %

£ R (E}

wherein R = CHoA and A is chosen from alkyl chains, alkyl rings, and aromatic rings
or combinations thereof, such that R is nonlinear and such that R comprises from 4-
15 carbons, and mixtures of any of the foregoing oxalates.

3. The marking system of claim 2, wherein the oxalates represented by
formula (1) are chosen from bis{3 4 8-trichloro-2-[(2-methyipropoxy)carbonyllphenyi}
oxalate, bis{3,4,8-trichloro-2-{{cyclopropylmethoxyjcarbonyliphenyl} oxalate,
bis{3,4,8-trichloro-2-{{2-methylbutoxy)carbonyllphenyl} oxalate, bis{3 4,6-trichloro-2-
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[(3-methylbutoxy)carbonyllphenyl} oxalate, bis{3 4,6-trichloro-2-{(2,2-
dimethylpropoxy)carbonyljphenyl} oxalate, bis{3,4,6-trichloro-2-{{2-
vheny!} oxalate, bis{3 4,6-trichloro-2-{(3-
phenyl} oxalate, bis{3,4,6-ri chloro-2-{{(4-
methylpentyloxy)carbonvilphenyl} oxalate, bis{3,4,6-trichloro-2-{(3,3-

methylpentyloxyjcarbonyi]
methylpentyloxy)carbonyi]
dimethylbutoxy)carbonyllphenyl} oxalate, bis{3 4, 6-trichloro-2-{(2-
ethylbutoxyjcarbonyl]phenyl} oxalate, bis{3,4,6-trichloro-2-
[(cyclopentylmethoxy)carbonyllphenyl} oxalate, bis{3,4,6-trichloro-2-{(2-
methyihexyloxy)carbonyllphenyl} oxalate, bis{3,4,6-trichioro-2-{(3-
methylhexyloxy)carbonyliphenyl} oxalate, bis{3,4,6-trichioro-2-{{4-
methylthexyloxy)carbonyliphenyl} oxalate, bis{3,4,6-trichioro-2-{(5-
methythexyloxy)carbonyilphenyi} oxalate, bis{3,4,6-trichioro-2-
[{cyclohexylmethoxy)carbonyllphenyl} oxalate, bis{3.4,6-trichioro-2-
[{phenyimethoxy)carbonyllphenyl} oxalate, bis{3 4 8-trichlore-2-{(2-
phenylethoxy}carbonyiiphenyl} oxalate, bis(3,4,8-trichlore-2-{{(2-
methylphenylmethoxylcarbonyliphenyl) oxalate, bis(3,4,8-trichioro-2-{[{3-
methyipheny)methoxylcarbonyliphenyl) oxalate, bis(3,4,6-trichloro-2-{[(4-
methyiphenymethoxylcarbonyllphenyl) oxalate, bis(3,4,6-trichioro-2-{(2,3-
dimethylphenymethoxyjcarbonyilphenyl) oxalate, bis(3,4,8-trichloro-2-{{{2 .4~
dimethylphenyhmethoxylcarbonyljphenyl) oxalate, bis(3,4, 8-trichloro-2-{{3,4-
dimethylphenyhmethoxylcarbonyllphenyl) oxalate, bis(3,4,6-trichloro-2-{{(3,5-
dimethyiphenylimethoxylcarbonyliphenyl) oxalate, bis(3,4,8-trichloro-2-{[(2,6-
dimethylphenylimethoxylcarbonyliphenyl) oxalate, bis(3,4,6-trichioro-2-{{(2-
ethylphenyl)methoxylcarbonyliphenyl) oxalate, bis(3,4,6-trichlore-2-{{(3-
ethylphenylmethoxylcarbonyllphenyl) oxalate, bis(3 4,8-trichloro-2-{{{4-

]
ethyiphenylimethoxylcarbonyljphenyl) oxalate, bis(3,4,8-trichioro-2-{[2-(2~
methylphenyhethoxy]

]

[
[
[
carbonyliphenyl) oxalate, bis(3,4,8-trichioro-2-{{2-(3-
methylphenyliethoxylcarbonyliphenyl) oxalate, bis(3,4,8-trichioro-2-{[2-(4-
methylphenylethoxylcarbonyllphenyl) oxalate, bis{3,4,6-trichioro-2-{(2-
phenylpropoxy)carbonyliphenyl} oxalate, bis{3,4,8-trichloro-2-[(3-
phenylpropoxy)carbonyliphenyi} oxalate, bis{3,4,6-trichlore-2-[1-
naphthalenylmethoxy)carbonyliphenyl} oxalate, bis{3 4,6-trichloro-2-[2-
naphthalenyimethoxy)carbonyliphenyl} oxalate, bis{3,4,6-trichloro-2-[{2,2-

diphenylethoxyjcarbonyllphenyl} oxalate, bis{3,4,6-trichioro-2-{(9-
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fluorenyimethoxy)carbonyilphenyl} oxalate, and bis{3 4 8-trichloro-2-[(9-
anthracenyimethoxy)carbonyilphenyl} oxalate.

4, The marking system of claim 1, wherein the at least one oxalate ester

is micreencapsulated.

5. The marking system of claim 1, wherein the at least one oxalate ester
is present in an amount ranging from about 3 % to about 60 % by weight, based on
the total weight of the powder.

6. The marking system of claim 1, wherein the at least one fluorescer is
chosen from 1-methoxy-8,10-bis{phenylethynybanthracene, perylene, rubrene,
16,17 -didecycloxyviclanthrone, 2-ethyl-8,10-bis{phenylethynyllanthracene, 2-chloro-
8,10-bis(4-ethoxyphenyl)anthracene, 2-chloro-8,10-bis(dmethoxyphenylianthraceneg,
8,10-bis{phenylethynyhanthracene, 1-chloro-9, 10-bis{phenyiethynylanthracene, 1,8-
dichloro-8,10-bis(phenyiethynylianthracene, 1,5-dichlore-9,10-
bis{phenylethynyl)anthracene, 2,3-dichloro-8,10-bis(phenyiethynyhanthracene, &,12-
bis{phenylethynyljtetracene, 9,10-diphenylanthracene, 1,6,7,12-tetraphenoxy-N,N'-
bis(2,6-diisopropyipheny!}-3,4,9,10-perylene dicarboximide, 1,6,7 12-tetraphenoxy-
N,N-bis(2,5-di-t-butylpheny}-3,4,8,10-perylene dicarboximide, 1,7-di-chloro-6,12-
diphenoxy-N,N'-bis(2,8-diisopropylphenyl}-3,4,8,10-per- vlene dicarboximide,
1,6,7,12-tetra(p-bromophenoxy)-N,N'-bis(2,6-diisopropylphenyl}-3,4,8,10-p- erylene
dicarboximide, 1,8,7,12-tetraphenoxy-N,N'-di-neopentyl-3,4,8,10-perylene
dicarboximide, 1,6,7,12-tetra(p-{-butyiphenoxy)N,N'-dineopentyl-3,4,8,10-perylene
dicarboximide, 1,8,7,12-tetra{o-chlorophenoxy)-N,N'-bis(2 8-diisopropylphenyl)-
3,4,9,10--perylene dicarboximide, 1,6,7,12-tetra{p-chiorophenoxy)-N,N'-bis(2,6-
diisopropylphenyl)-3,4,8,10-- perylene dicarboximide, 1,6,7,12-letra(o-
fluorophenoxy)-N,N'-bis(2,6-dilsopropyiphenyl}-3,4,8,10-- peryiene dicarboximide,
1,6,7,12-tetra(p-fluorophenoxy)-N,N'bis(2,8-diisopropyiphenyi}-3,4,9,10-p- erylene
dicarboximide, 1,8,7,12-tetraphenoxy-N,N'-diethyi-3,4,8,10-perylene dicarboximide,
1,7-dibrome-8, 12-diphenoxy-N, N'-bis{2-iscpropyiphenyl}-3,4,9,10-perylene
dicarboximide, 18,17-dihexyloxyviclanthrong, and 1,4-dimethyl-8,10-
bis(phenylethynyllanthracene.
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7. The marking system of claim 1, wherein the at least one fluorescer is
present in an amount ranging from about 0.08 % to about 0.8 % based on the total
weight of the powder.

8. The marking system of claim 1, wherein the at least one peroxide is
chosen from hydrogen peroxide; sodium peroxide; sodium perborate; sodium
pyrophosphate peroxide; urea peroxide; histidine peroxide; t-butyl-hydroperoxide;

and peroxybenzoic acid, sodium percarbonate, and mixiures thereof.

9. The marking system according to claim 1, wherein he at least one
peroxide is present in an amount ranging from about 0.25 % to about 20 % based on
the total weight of the powder.

10.  The marking system of claim 1, wherein the at least one catalyst is
chosen from sodium salicylate, sodium-5-fluorosalicylate, sodium-5-chlorosalicylate,
sodium-5-bromosalicylate, sodium trifluoroacetate, potassium salicylate, potassium
pentachlorophenclate, lithium salicylate, lithium-3-chlorosalicylate, lithium-5-
chiorosalicylate, lithium-3,5-dichlorosalicylate, lithium-3,5,8-trichlorosalicylate,
lithium-2-chlorobenzoate, lithium-8-t-butyisalicylate, lithium triflucroacetate, rubidium
acetate, tetrabutylammonium salicylate, tetrabutylammonium tetraflucborate,
tetraethylammonium benzoate, tetrabutylammonium benzoate, tetrabutylammonium
hexafluorophosphate, tetraethylammonium perchiorate, tetrabutylammonium
perchiorate, tefracctylammonium perchlorate, tetrabutylammonium-2,3,5-
trichlorobenzoate, tetramethylammonium trifluoroacetate, magnesium salicylate,
magnesium-5-t-butyl-salicylate, magnesium-3-chlorosalicylate, magnesium-3,5-
dichloro-salicylate, and magnesium-3,5,8-trichiorosalicylate.

11.  The marking system of claim 1, wherein the af least one secondary
fluorescer agent is chosen from UV fluorescent powders, polar, non-polar, water
soluble, visible absorbers, and phosphors.

12.  The marking system of claim 1, wherein the at least one secondary
fluorescer agent absorbs at least some of the light generated by the

chemiluminescent reaction, and then re-emits light.
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13.  The marking system of claim 1, wherein the at least one secondary

flucrescer agent makes only a visible color appearance.

14.  The marking system of claim 1, wherein the at least ane secondary
fluorescer agent is produce from dyes chosen from Brown HT, Quinocline Yellow,
Indigo Carmine, Brilliant Biue FCF, Ponceau 4R, Sunset Yellow, indigotine, Fast
Green FCF, and Alura Red AC.

15.  The marking system of claim 1, wherein the at least one fluorescer
agent is present in an amount ranging from about 1 % to about 55 % based on the
total weight of the powder.

16,  The marking system of claim 1, further comprising at least on solid
substrate,

17.  The marking system of claim 16, wherein the at least one solid
substrate is chosen from potato starch, arrowroot, rice starch, wheat starch, and
combinations or mixiures thereof,

18.  The marking system of claim 16, wherein the at least one solid
substrate is present in an amount ranging from about 10 % to about 60 % based on
the total weight of the powder.

19, A method of producing a powdered marking system for use with at
least one oxalate ester and at least one fluorescer to produce light, the method
comprising:

preparing a first solution comprising at least one first solvent and at least one

catalysts;

combining the first solution with at least one solid substrate and drying to

produce a first dried composition;

preparing a second solution comprising at least one solvent and at least one

flucrescer and a third solution comprising at least one solvent and at least one

peroxide;
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contbining the first dried composition with the second solution and the third
solution and drying to produce the powdered marking system.

20. The method of claim 18, further comprising:
combining the powdered marking system with at least one oxalate ester and

at least one fluorescer.

21. The method of claim 20, wherein the at least one oxalate ester is
microencapsulated.

22. A powdered marking system produced by the method of claim 18.

23.  The powdered marking system of claim 22, wherein the powdered

marking system further comprises at least one oxalate ester is microencapsulated.

24.  The powdered marking system of claim 23, wherein the at least one
oxalate ester is microencapsulated.
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