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BROAD TEMPERATURE PERFORMANCE CHEMILUMINESCENT SYSTEMS AND
METHODS

RELATED APPLICATIONS

[0001] This application claims the priority of U.S. provisional applications Ser. No.
61/830,070, filed June 1, 2013, entitled “BROAD TEMPERATURE PERFORMANCE
CHEMILUMINESCENT SYSTEMS AND METHODS”, Ser. No. 61/830,071, filed June 1,
2013, entitled “LOW TEMPERATURE OXALATE SYSTEMS AND METHODS FOR
CHEMILUMINESCENT REACTIONS”, Ser. No. 61/830,072, filed June 1, 2013, entitled
“LOW  TEMPERATURE ACTIVATOR SYSTEMS AND METHODS FOR
CHEMILUMINESCENT REACTIONS”, and Ser. No. 61/830,075, filed June 1, 2013, entitled
“MIXED CATALYST SYSTEMS AND METHODS FOR CHEMILUMINESCENT
REACTIONS,” which are incorporated herein by reference in their entireties for all purposes.

TECHNICAL FIELD

[0002] In some embodiments, the present invention relates to chemiluminescent systems
and methods.

BACKGROUND

[0003] Chemiluminescence is the emission of light as a result of a chemical reaction.
There may also be limited emission of heat during the chemical reaction. Typically, a reaction
beginning with reactants A and B, with an excited intermediate, yields products and light.
Typically, there are many applications that use chemiluminescence.  For example,
chemiluminescence is used in gas analysis, analysis of inorganic and/or organic species,

detection and assay of biomolecules, DNA sequencing, lighting objects, and children’s toys.
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BRIEF SUMMARY OF INVENTION

[0004] In some embodiments, the present invention is a chemiluminescent system,
including: an oxalate system, including: (a) at least one oxalate ester in an amount ranging from
3 to 60 percent by weight based on a total weight of the oxalate system, (b) at least one first
solvent selected from the group consisting of: alkyl benzoates, dialkyl phthalates, trialkyl
acetylcitrates, 2-acetyloxy isobutyrates, paraffinic liquids, isoparaffinic liquids, toluene,
nitroethane, and a combination thereof, where the at least one first solvent is present in an
amount ranging from 10 to 97 percent by weight based on the total weight of the oxalate system;
(c) at least one second solvent selected from the group consisting of: dialkyl malonates, dialkyl
dialkylmalonates, dialkyl arylalkylmalonates, dialkyl succinates, dialkyl glutarates, dialkyl
adipates, dialkyl pimelates, dialkyl polyalkylmalonates and a combination thereof, where the at
least one second solvent is present in an amount ranging from 5 to 85 percent by weight based on
the total weight of the oxalate system; (d) at least one fluorescer, and (e) at least one inorganic
salt, in an amount ranging from 0.1 to 30 percent by weight based on the total weight of the
oxalate system, and an activator system, including: (a) at least one peroxide, (b) at least one third
solvent selected from the group consisting of: tert-butanol, 3-methyl-3-pentanol, 2- methyl-2-
butanol, ethyl 2-hydroxyisobutyrate, methyl 2- hydroxyisobutyrate, ethylene glycol, propylene
glycol, ethylene glycol monomethyl cther, cthylene glycol diethyl ether, ethylene glycol
monobutyl ether, ethylene glycol dibutyl ether, and propylene glycol dimethyl cther, and a
combination thereof;, where the at least one third solvent is present in an amount ranging from 5
to 85 percent by weight based on the total weight of the activator system, (c) at least one fourth
solvent selected from the group consisting of: trialkyl citrates, dialkyl phthalates, glycols, glycol
cthers, and a combination thercof;, where the at least one fourth solvent is present in an amount

ranging from 15 to 95 percent by weight based on a total weight of the activator system, and (d)
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at least one catalyst, and where the chemiluminescent system, at a temperature ranging from -110
degrees Celsius to 75 degrees Celsius, is configured to produce a light having an illuminescence.

[0005] In some embodiments, the at least one oxalate ester is represented by formula (I):
@
\Z) Cl

Cl (0] [} Cl
Cl (; g) Cl
Cl o

where R=CH»A, and A 1is selected from the group consisting of an alkyl chain, alkyl ring, an
aromatic ring, and a combination thereof, where R is linear or branched, and where R is from C4
15

[0006] In some embodiments, the at least one oxalate ester is selected from the group

consisting of:  bis{3,4,6-trichloro-2-[(2-methylpropoxy)carbonyl|phenyl }oxalate, bis{3,4,6-

trichloro-2-[(cyclopropylmethoxy)carbonyl]phenyl}oxalate, bis{3,4,6-trichloro-2-[(2-
methylbutoxy)carbonyl]phenyl }oxalate, bis {3,4,6-trichloro-2-[(3-
methylbutoxy)carbonyl]phenyl }oxalate, bis{3,4,6-trichloro-2-[(2,2-
dimethylpropoxy)carbonyl]phenyl } oxalate, bis {3,4,6-trichloro-2-[(2-
methylpentyloxy)carbonyl]phenyl } oxalate, bis {3,4,6-trichloro-2-[(3-
methylpentyloxy)carbonyl]phenyl } oxalate, bis{3,4,6-tri chloro-2-[(4-
methylpentyloxy)carbonyl]phenyl } oxalate, bis{3,4,6-trichloro-2-[(3,3-
dimethylbutoxy)carbonyl]phenyl }oxalate, bis{3,4,6-trichloro-2-[(2-
ethylbutoxy)carbonyl|phenyl } oxalate, bis{3,4,6-trichloro-2-
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[(cyclopentylmethoxy)carbonyl|phenyl} oxalate,
methylhexyloxy)carbonyl]phenyl}oxalate,
methylhexyloxy)carbonyl]phenyl}oxalate,
methylhexyloxy)carbonyl]phenyl}oxalate,
methylhexyloxy)carbonyl]phenyl}oxalate,
[(cyclohexylmethoxy)carbonyl]phenyl}oxalate,
[(phenylmethoxy)carbonyl]phenyl}oxalate,
phenylethoxy)carbonyl]phenyl}oxalate,
methylphenyl)methoxy]carbonyl } phenyl)oxalate,
methylphenyl)methoxy]carbonyl } phenyl)oxalate,
methylphenyl)methoxy]carbonyl} phenyl)oxalate,

dimethylphenyl)methoxy]carbonyl} phenyl)oxalate,

bis{3,4

bis(3,4,
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bis {3,4,6-trichloro-2-[(2-
bis {3,4,6-trichloro-2-[(3-
bis {3,4,6-trichloro-2-[(4-
bis {3,4,6-trichloro-2-[(5-
bis {3,4,6-trichloro-2-
6-trichloro-2-

bis {3,4,6-trichloro-2-[(2-
6-trichloro-2-{[(2-
bis(3,4,6-trichloro-2-{[(3-
bis(3,4,6-trichloro-2-{[(4-
bis(3,4,6-trichloro-2-{[(2,3-

bis(3,4,6-trichloro-2-{[(2,4-

dimethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3 .4,6-trichloro-2-{[3,4-
dimethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[(3,5-
dimethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{ [ (2,6-
dimethylphenyl)methoxy] carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(2-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6- trichloro-2-{[(3-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[(4-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(2-
methylphenyl)ethoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(3-
methylphenyl)ethoxy]carbonyl{ phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(4-
methylphenyl)ethoxy]carbonyl } phenyl)oxalate, bis{3,4,6-trichloro-2-[(2-
phenylpropoxy)carbonyl]phenyl}oxalate, bis{3,4,6~trichloro-2-[ (3-
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phenylpropoxy)carbonyl]phenyl} oxalate, bis{3,4,6-trichloro-2-[1-
naphthalenylmethoxy)carbonyl|phenyl}oxalate, bis{3,4,6-trichloro-2-[2-
naphthalenylmethoxy)carbonyl|phenyl}oxalate, bis{3,4,6-trichloro-2-[(2,2-
diphenylethoxy)carbonyl]phenyl } oxalate, bis {3,4,6-trichloro-2-[(9-
fluorenylmethoxy)carbonyl]phenyl } oxalate, and bis {3,4,6-trichloro-2-[(9-

anthracenylmethoxy)carbonyl]phenyl}oxalate.

[0007] In some embodiments, the at least one fluorescer is present in an amount ranging
from 0.05 to 0.9 percent by weight based on the total weight of the chemiluminescent system.
[0008] In some embodiments, the at least one inorganic salt is selected from the group
consisting of sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper acetate, lead
acetate, cupric chloride, ferric chloride, calcium iodide, potassium iodide, silver nitrate, and a
combination thereof.

[0009] In some embodiments, the at least one peroxide is selected from the group
consisting of hydrogen peroxide, sodium peroxide, sodium perborate, sodium pyrophosphate
peroxide, urea peroxide, histidine peroxide, t-butylhydroperoxide, peroxynehzoic acid, sodium
percarbonate, and a combination thereof.

[00010] In some embodiments, the at least one peroxide is present in an amount ranging
from 0.25 to 25 percent by weight based on the total weight of the chemiluminescent system.
[00011] In some embodiments, the at least one catalyst is selected from the group
consisting  of:  dimethylbenzylamine, = N,N-dimethyl-1-phenylethylamine, = N-ethyl-N-
methylbenzylamine, diethylbenzylamine, N-methyl-N-propylbenzylamine, N,N-
dibutylbenzylamine, N,N-bis(1-methylethyl)benzenemethanamine, methyl dibenzylamine, ethyl

dibenzylamine, n-propyl dibenzylamine, iso-propyl dibenzylamine, butyl dibenzylamine, iso-
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butyl dibenzylamine, N,N-dibenzyl-2-phenylethanamine, hexyl dibenzylamine, tribenzyl amine,
4-methyl-N,N-bis[(4-methylphenyl)methyl|benzenemethanamine, 4-methyl-N,N-
bis(phenylmethyl)benzenemethanamine, N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-
phenylbenzenemethanamine, N,4-dimethyl-N-phenylbenzenemethanamine, N-propyl-N-
phenylbenzenemethanamine, N, N-diphenylbenzenemethanamine, N,N-bis(4-
methylphenyl)benzenemethanamine, lithium benzoate, sodium benzoate, potassium benzoate,
cesium benzoate, lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and/or cesium p-anisate.

[00012] In some embodiments, the at least one catalyst is present in an amount ranging
from 5 to 0.0005 percent by weight based on the total weight of the chemiluminescent system.

BRIEF DESCRIPTION OF THE DRAWINGS

[00013] The present invention will be further explained with reference to the attached
figures. The figures constitute a part of this specification and include illustrative embodiments
of the present invention and illustrate various objects and features therecof. The figures shown
are not necessarily to scale, with emphasis instead generally being placed upon illustrating the
principles of the present invention. Further, some features may be exaggerated to show details of

particular components.

[00014] Figure 1 illustrates aspects of some embodiments of the instant invention.

[00015] Figure 2 illustrates some further aspects of some embodiments of the instant
invention.

[00016] Figure 3 illustrates further aspects of some embodiments of the instant invention.
[00017] Figure 4 illustrates aspects of some embodiments of the instant invention.

[00018] Figure 5 illustrates aspects of some embodiments of the instant invention.
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[00019] Figure 6 illustrates yet further aspects of some embodiments of the instant
invention.

[00020] Figure 7 illustrates aspects of some embodiments of the instant invention.

[00021] Figure 8 illustrates further aspects of some embodiments of the instant invention.
[00022] Further, the figures are not necessarily to scale, some features may be exaggerated

to show details of particular components. In addition, any measurements, specifications and the
like shown in the figures are intended to be illustrative, and not restrictive. Therefore, specific
structural and functional details disclosed herein are not to be interpreted as limiting, but merely

as a representative basis for teaching one skilled in the art to variously employ the present

invention.

DETAILED DESCRIPTION

[00023] Broad Temperature Performance Chemiluminescent Systems and Methods
[00024] Among those benefits and improvements that have been disclosed, other objects

and advantages of this invention will become apparent from the following description taken in
conjunction with the accompanying figures. Detailed embodiments of the present invention are
disclosed herein; however, it is to be understood that the disclosed embodiments are merely
illustrative of the invention that may be embodied in various forms. In addition, each of the
examples given in connection with the various embodiments of the invention which are intended
to be illustrative, and not restrictive.

[00025] Throughout the specification and claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dictates otherwise. The phrases “in one
embodiment” and “in some embodiments” as used herein do not necessarily refer to the same
embodiment(s), though it may. Furthermore, the phrases “in another embodiment” and “in some

other embodiments” as used herein do not necessarily refer to a different embodiment, although
7
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it may. Thus, as described below, various embodiments of the invention may be readily
combined, without departing from the scope or spirit of the invention.

[00026] In addition, as used herein, the term "or" is an inclusive "or" operator, and is
equivalent to the term "and/or," unless the context clearly dictates otherwise. The term "based
on" is not exclusive and allows for being based on additional factors not described, unless the
context clearly dictates otherwise. In addition, throughout the specification, the meaning of "a,"
"an," and "the" include plural references. The meaning of "in" includes "in" and "on."

[00027] "Activation" and variations thereof, as used herein, means that the oxalate system
and the activator system of the present invention have been sufficiently combined such as by
mixing to provide useable light in a broad temperature range.

[00028] In some embodiments, the present invention relates to chemiluminescent systems.
In some embodiments, an exemplary chemiluminescent system of the present invention can be
utilized for tracing rounds in munitions that performs at a broad temperature range.

[00029] In some embodiments, the present invention is a chemiluminescent system that
includes an oxalate system and an activator system, wherein the oxalate system includes at least
onc oxalate ester, at least one first solvent, at least one dye and at least one inorganic salt,
wherein the activator system includes at least one peroxide, at least one second solvent, and at
least one catalyst, and wherein the chemiluminescent system is configured so as to provide light
in a temperature range from -110 deg C to 75 deg C.

[00030] In some embodiments, the oxalate system includes at least one oxalate ester
selected from the group consisting of bis(2,4,5-trichloro-6-carbopentoxyphenyl)oxalate;
bis(2,4,5-trichlorophenyl)oxalate; bis(2,4,5-tribromo-6-carbohexoxyphenyl)oxalate; bis(2,4,5-

trichloro-6-carboisopentoxyphenyl)oxalate;  bis(2,4,5-trichloro-6-carbobenzoxyphenyl)oxalate;
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bis(2-nitrophenyl)oxalate; bis(2,4-dinitrophenyl)oxalate; bis(2,6-dichloro-4-nitrophenyl)oxalate;
bis(2,4,6-trichlorophenyl)oxalate; bis(3-trifluoromethyl-4-nitrophenyl)oxalate; bis(2-methyl-4,6-
dinitrophenyl)oxalate; bis(1,2-dimethyl-4,6-dinitrophenyl)oxalate; bis(2,4-
dichlorophenyl)oxalate;  bis(2,4-dinitrophenyl)oxalate;  bis(2,5-dinitrophenyl)oxalate;  bis(2-
formyl-4-nitrophenyl)oxalate; bis(pentachlorophenyl)oxalate; bis(1,2-dihydro-2-oxo-1-
pyridyl)glyoxal; bis(2,4-dinitro-6-methylphenyl)oxalate; and bis-N-phthalimidyl oxalate.

[00031] In some embodiments, the at least one oxalate ester is selected from the group

consisting of oxalate esters represented by the general formula (1),

)
R (0]
\) Cl
Cl o 0] cl
Cl C; Vb Cl
Cl (0]
J N\
[00032] wherein R=CH,A, and A is chosen from alkyl chains, alkyl rings, and aromatic

rings or combinations thereof, and wherein R is linear or nonlinear (i.e., branched), and
comprises from 4-15 carbon atoms.

[00033] In some embodiments, the at least one oxalate ester is selected from the group
consisting of bis{3,4,6-trichloro-2-[(2-methylpropoxy)carbonyl|phenyl } oxalate; bis{3,4,6-
trichloro-2-[(cyclopropylmethoxy)carbonyl]phenyl}oxalate; bis {3,4,6-trichloro-2-[(2-

methylbutoxy)carbonyl|phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
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methylbutoxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(2,2-
dimethylpropoxy)carbonyl]phenyl }oxalate; bis{3,4,6-trichloro-2-[(2-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(4-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3,3-
dimethylbutoxy)carbonyl]phenyl }oxalate; bis{3,4,6-trichloro-2-[(2-
ethylbutoxy)carbonyl]phenyl }oxalate; bis {3,4, 6-trichloro-2-
[(cyclopentylmethoxy)carbonyl]phenyl }oxalate; bis{3,4,6-trichloro-2-[(2-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(4-
methylhexyloxy)carbonyl|phenyl}oxalate; bis {3,4,6-trichloro-2-[(5-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-
[(cyclohexylmethoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2-
[(phenylmethoxy)carbonyl]phenyl } oxalate; bis{3,4,6-trichloro-2-[(2-
phenylethoxy)carbonyl]phenyl} oxalate; bis(3,4,6-trichloro-2-{[(2-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(4-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2,3-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2,4-
dimethylphenyl)methoxy ]Jcarbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[3,4-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3,5-
dimethylphenyl)methoxy ]Jcarbonyl }phenyl)oxalate; bis(3 ,4, 6-trichloro-2-{[(2,6-

dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2-
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ethylphenyl)methoxy]carbonyl)phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3-
ethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(4-cthylphenyl)methoxy]
carbonyl}phenyl)oxalate; bis(3,4,6-trichloro-2-{ [2-(2-

methylphenyl)ethoxy]carbonyl} phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-(3-
methylphenyl)ethoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-( 4-
methylphenyl)ethoxy]carbonyl} phenyl)oxalate; bis{3,4,6-trichloro-2-[(2-
phenylpropoxy)carbonyl]phenyl} oxalate; bis(3,4,6-trichloro-2-[(3-
phenylpropoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2[1-
naphthalenylmethoxy)carbonyl|phenyl } oxalate; bis{3,4,6-trichloro-2-[2-
naphthalenylmethoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2-[(2,2-
diphenylethoxy)carbonyl|phenyl} oxalate; bis{3,4,6-trichloro-2-[(9-
fluorenylmethoxy)carbonyl|phenyl } oxalate; and bis{3,4,6-trichloro-2-[(9-
anthracenylmethoxy)carbonyl]phenyl } oxalate.

[00034] In some embodiments, the at least one oxalate ester is present in an amount
ranging from 3 percent to 60 percent by weight, based upon the total weight of the combined
activator system and oxalate system.

[00035] In some embodiments, the at least one dye is a fluorescer selected from the group
consisting of I-methoxy-9,10-bis(phenylethynyl)anthracene, perylene, rubrene, 16,17-
didecycloxyviolanthrone, 2-ethyl-9,10-bis(phenylethynyl)anthracene; 2-chloro-9,10-bis(  4-
ethoxyphenyl)anthracene;2-chloro-9,10-bis(4-methoxyphenyl)anthracene; 9,10-
bis(phenylethynyl)anthracene; 1-chloro-9,10-bis(phenylethynyl)anthracene; 1,8-dichloro-9,10-
bis(phenylethynyl)anthracene; 1,5-dichloro-9,10-bis(phenylethynyl)anthracene; 2,3-dichloro-

9,10-bis (phenylethynyl)anthracene; 5,12-bis(phenylethynyl)tetracene, 9,10-diphenylanthracene;

11
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1,6,7,12-tetraphenoxy-N,N'  -bis(2,6-diisopropylpheny 1)-3,4,9,10-perylene  dicarboximide;
1,6,7,12-tetraphenoxy-N,N'bis(2,5-di-t-butylphenyl)-3,4,9,10-perylene  dicarboximide;  1,7-
dichloro-6,12-diphenoxy-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra(p-bromophenoxy)-N,N' -bis(2,6-diisopropylphenyl)-3 4,9,10-perylene
dicarboximide; 1,6,7,12-tetraphenoxy-N,N'dineopentyl-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra-(p-t-butylphenoxy)-N,N'-dineopentyl-3,4,9,10-perylenedicarboximide;  1,6,7,12-
tetra(o-chlorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra(p-chlorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene
dicarboximide;  1,6,7,12-tetra(  o-fluorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-
perylene dicarboximide; 1,6,7,12-tetra(p-fluorophenoxy)-N,N' -bis(2,6-diisopropylphenyl)-3
,4,9,10-perylenedicarboximide; 1,6,7,12-tetraphenoxy-N,N'-diethyl-3,4,9,10-perylene
dicarboximide; 1,7-dibromo-6,12-diphenoxy-N,N'-bis(2-isopropylphenyl)-3,4,9,10-perylene
dicarboximide; 16,17-dihexyloxyviolanthrone; and 1,4-dimethyl-9,10-
bis(phenylethynyl)anthracene.

[00036] In some embodiments, the at least one dye is a fluorescer present in an amount
ranging from 0.05 percent to 0.9 percent by weight, based on the total weight of the oxalate
System.

[00037] In some embodiments, the at least one first solvent is a low melting solvents
selected from the group consisting of alkyl benzoates, dialkyl malonates, dialkyl
dialkylmalonates, dialkyl arylalkylmalonates, dialkyl succinates, dialkyl glutarates, dialkyl
adipates, dialkyl pimelates, dialkyl polyalkylmalonates, acetyl trialkyl citrates, 2-acetyloxy

isobutyrates, paraffinic liquids, isoparaffinic liquids, toluene, and nitroethane.

12
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[00038] In some embodiments, the at least one inorganic salt is selected from the group
consisting of sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper acetate, lead
acetate, cupric chloride, ferric chloride, calcium iodide, potassium iodide, and silver nitrate.
[00039] In some embodiments, the at least one inorganic salt is present in an amount
ranging from 0.05 percent to 30 percent by weight, based on the total weight of the oxalate
System.

[00040] In some embodiments, the at least one peroxide is selected from the group
consisting of hydrogen peroxide; sodium peroxide; sodium perborate; sodium pyrophosphate
peroxide; urea peroxide; histidine peroxide; t-butylhydroperoxide; peroxybenzoic acid, and
sodium percarbonate.

[00041] In some 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 combined activator
system and oxalate system.

[00042] In some embodiments, the at least one second solvent is selected from the group
consisting of trialkyl citrates, dialkyl phthalates, glycols, and glycol ethers.

[00043] In some embodiments, the at least one catalyst is selected from the group
consisting ~ of  dimethylbenzylamine, = N,N-dimethyl-1-phenylethylamine, = N-ethyl-N-
methylbenzylamine, diethylbenzylamine, N-methyl-N-propylbenzylamine, N,N-
dibutylbenzylamine, N,N-bis(1-methylethyl)benzenemethanamine, methyl dibenzylamine, ethyl
dibenzylamine, n-propyl dibenzylamine, iso-propyl dibenzylamine, butyl dibenzylamine, iso-
butyl dibenzylamine, N,N-dibenzyl-2-phenylethanamine, hexyl dibenzylamine, tribenzyl amine,
4-methyl-N,N-bis[(4-methylphenyl)methyl]Jbenzenemethanamine, 4-methyl-N,N-

bis(phenylmethyl)benzenemethanamine, N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-

13
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phenylbenzenemethanamine, N,4-dimethyl-N-phenylbenzenemethanamine, N-propyl-N-
phenylbenzenemethanamine, N,N-diphenylbenzenemethanamine, N,N-bis(4-
methylphenyl)benzenemethanamine, lithium benzoate, sodium benzoate, potassium benzoate,
cesium benzoate, lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and/or cesium p-anisate,

[00044] In some embodiments, the at least one catalyst is present at a concentration
ranging from 5% to 0.0005% of the total weight of the activator system and oxalate system.
[00045] In some embodiments, the chemiluminescent system further includes a third
solvent configured to dissolve the at least one catalyst and allow mixing of the at least one
peroxide, wherein the third solvent is selected from the group consisting of aliphatic tertiary
alcohols, chosen from, but not restricted to, tert-butanol, 3-methyl-3-pentanol, 2-methyl-2-
butanol, ethyl 2-hydroxyisobutyrate, and methyl 2-hydroxyisobutyrate; glycols chosen from, but
not restricted to ethylene glycol and propylene glycol; and glycol ethers chosen from, but not
restricted to ethylene glycol monomethyl ether, ethylene glycol diethyl ether, ethylene glycol
monobutyl ether, ethylene glycol dibutyl ether, and propylene glycol dimethyl ether.

[00046] In some embodiments, the third solvent is present in a concentration ranging from
0% to 90% based on the total weight of activator system.

[00047] In some embodiments, the broad temperature chemiluminescent system and
method of the present invention is configured for use with munitions to produce useable light at a
broad temperature range when activated.

[00048] In some embodiments, the system of the present invention, when activated, is

configured to produce useable light in a temperature range of -110°C to 75°C. In some
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embodiments, the components of the system of the present invention,
configured to produce useable light in a temperature range of -80°C
embodiments, the components of the system of the present invention,
configured to produce useable light in a temperature range of -110°C
embodiments, the components of the system of the present invention,
configured to produce uscable light in a temperature range of -80°C
embodiments, the components of the system of the present invention,
configured to produce useable light in a temperature range of -30°C

embodiments, the components of the system of the present invention,
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when activated, are
to 50°C. In some
when activated, are
to 50°C. In some
when activated, are
to 75°C. In some
when activated, are
to 30°C. In some

when activated, are

configured to produce useable light in a temperature range of -100°C to 0°C. In some

embodiments, the components of the system of the present invention, when activated, are

configured to produce useable light in a temperature range of -20°C to 75°C. In some

embodiments, the components of the system of the present invention, when activated, are

configured to produce useable light in a temperature down to -110°C. In some embodiments, the

components of the system of the present invention, when activated, are configured to produce

useable light in a temperature range of -60°C to 20°C. In some embodiments, the components of

the system of the present invention, when activated, are configured to produce useable light in a

temperature range of -110°C to -10°C.

[00049] In some embodiments, the system and method of the present invention may

include, but are not limited to, at least one activator system combined with at least one oxalate

system. Combining may include any suitable method of contacting one system with another

system such as by mixing or equivalent. In some embodiments, the oxalate system may include,

but is not limited to, an oxalate solution with at least one oxalate ester, at least one dye such as a
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fluorescer, at least one solvent, and/or at least one inorganic salt. In some embodiments, the
activator system may include, but is not limited to, at least one catalyst, at least one peroxide,
and/or at least one solvent such as a bridging solvent, if required, to allow sufficient mixing of
the peroxide component, and at least one solvent such as a low melting solvent.

[00050] In some embodiments, the ratio of the weight of the oxalate system to the weight
of the activator system ranges from 1:9 to 4:1. In some embodiments, the ratio of the weight of
the oxalate system to the weight of the activator system ranges from 1:5 to 2:1. In some
embodiments, the ratio of the weight of the oxalate system to the weight of the activator system
ranges from 1:1 to 3:1. In some embodiments, the ratio of the weight of the oxalate system to
the weight of the activator system ranges from 1:3 to 3:1. In some embodiments, the ratio of the
weight of the oxalate system to the weight of the activator system ranges from 1:2 to 2:1. In
some embodiments, the ratio of the weight of the oxalate system to the weight of the activator
system ranges from 2:1 to 4:1. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system ranges from 1:6 to 2:1. In some embodiments, the
ratio of the weight of the oxalate system to the weight of the activator system ranges from 1:1 to
4:1.

[00051] In some embodiments, the ratio of the weight of the oxalate system to the weight
of the activator system is 1:2. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system is 2:1. In some embodiments, the ratio of the weight
of the oxalate system to the weight of the activator system is 3:1. In some embodiments, the
ratio of the weight of the oxalate system to the weight of the activator system is 1:8. In some
embodiments, the ratio of the weight of the oxalate system to the weight of the activator system

is 1:9. In some embodiments, the ratio of the weight of the oxalate system to the weight of the
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activator system is 4:1. In some embodiments, the ratio of the weight of the oxalate system to the
weight of the activator system is 8:2. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system is 1:5. In some embodiments, the ratio of the weight
of the oxalate system to the weight of the activator system is 1:3.

[00052] In some embodiments, the at least one oxalate ester may include, but is not
limited to, bis(2,4,5-trichloro-6-carbopentoxyphenyl)oxalate (CPPO); bis(2,4,5-
trichlorophenyl)oxalate; bis(2,4,5-tribromo-6-carbohexoxyphenyl)oxalate; bis(2,4,5-trichloro-6-
carboisopentoxyphenyl)oxalate; bis(2,4,5-trichloro-6-carbobenzoxyphenyl)oxalate; bis(2-
nitrophenyl)oxalate;  bis(2,4-dinitrophenyl)oxalate;  bis(2,6-dichloro-4-nitrophenyl)oxalate;
bis(2,4,6-trichlorophenyl)oxalate; bis(3-trifluoromethyl-4-nitrophenyl)oxalate; bis(2-methyl-4,6-
dinitrophenyl)oxalate; bis(1,2-dimethyl-4,6-dinitrophenyl)oxalate; bis(2,4-
dichlorophenyl)oxalate;  bis(2,4-dinitrophenyl)oxalate;  bis(2,5-dinitrophenyl)oxalate;  bis(2-
formyl-4-nitrophenyl)oxalate; bis(pentachlorophenyl)oxalate; bis(1,2-dihydro-2-oxo-1-
pyridyl)glyoxal; bis(2,4-dinitro-6-methylphenyl)oxalate; and/or bis-N-phthalimidyl oxalate.
[00053] In some embodiments, the at least one oxalate ester may include, but is not

limited to, oxalates represented by the general formula (1)

0
\) Cl

Cl o (0] Cl
Cl C; Vb Cl
cl 0}
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[00054] wherein R=CH,A, and A is chosen from alkyl chains, alkyl rings, and aromatic
rings or combinations thereof, and wherein R is linear or nonlinear, and comprises from 4-15

carbon atoms.

[00055] In some embodiments, the at least one oxalate ester may include, but is not
limited to, bis {3,4,6-trichloro-2-[(2-methylpropoxy)carbonyl]phenyl }oxalate; bis{3,4,6-
trichloro-2-[(cyclopropylmethoxy)carbonyl]phenyl}oxalate; bis {3,4,6-trichloro-2-[(2-
methylbutoxy)carbonyl|phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
methylbutoxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(2,2-
dimethylpropoxy)carbonyl]phenyl } oxalate; bis{3,4,6-trichloro-2-[(2-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(4-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3,3-
dimethylbutoxy)carbonyl]phenyl }oxalate; bis{3,4,6-trichloro-2-[(2-
ethylbutoxy)carbonyl|phenyl}oxalate; bis{3,4, 6-trichloro-2-
[(cyclopentylmethoxy)carbonyl|phenyl }oxalate; bis {3,4,6-trichloro-2-[(2-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(4-
methylhexyloxy)carbonyl|phenyl}oxalate; bis {3,4,6-trichloro-2-[(5-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-
[(cyclohexylmethoxy)carbonyl]phenyl }oxalate; bis{3,4,6-trichloro-2-
[(phenylmethoxy)carbonyl]phenyl } oxalate; bis{3,4,6-trichloro-2-[(2-

phenylethoxy)carbonyl]phenyl} oxalate; bis(3,4,6-trichloro-2-{[(2-
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methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(4-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2,3-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2,4-
dimethylphenyl)methoxy ]Jcarbonyl}phenyl)oxalate; bis(3,4,6-trichloro-2-{[3,4-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3,5-
dimethylphenyl)methoxy ]Jcarbonyl } phenyl)oxalate; bis(3 ,4, 6-trichloro-2-{[(2,6-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2-
ethylphenyl)methoxy]carbonyl)phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3-
ethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(4-cthylphenyl)methoxy]
carbonyl}phenyl)oxalate; bis(3,4,6-trichloro-2-{ [2-(2-
methylphenyl)ethoxy]carbonyl} phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-(3-
methylphenyl)ethoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-( 4-
methylphenyl)ethoxy]carbonyl} phenyl)oxalate; bis{3,4,6-trichloro-2-[(2-
phenylpropoxy)carbonyl]phenyl} oxalate; bis(3,4,6-trichloro-2-[(3-
phenylpropoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2[1-
naphthalenylmethoxy)carbonyl|phenyl } oxalate; bis{3,4,6-trichloro-2-[2-
naphthalenylmethoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2-[(2,2-
diphenylethoxy)carbonyl|phenyl }oxalate; bis {3,4,6-trichloro-2-[(9-
fluorenylmethoxy)carbonyl]phenyl } oxalate; and/or bis {3,4,6-trichloro-2-[(9-

anthracenylmethoxy)carbonyl]phenyl } oxalate.

[00056] In some embodiments, the at least one oxalate ester is present in an amount
ranging from 3 percent to 60 percent by weight, based upon the total weight of the combined
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activator system and oxalate system. In some embodiments, the at least one oxalate ester is
present in an amount ranging from 8 percent to 50 percent by weight, based upon the total weight
of the combined activator system and oxalate system. In some embodiments, the at least one
oxalate ester is present in an amount ranging from 15 percent to 60 percent by weight, based
upon the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one oxalate ester is present in an amount ranging from 10 percent to 40
percent by weight, based upon the total weight of the combined activator system and oxalate
system. In some embodiments, the at least one oxalate ester is present in an amount ranging
from 3 percent to 30 percent by weight, based upon the total weight of the combined activator
system and oxalate system. In some embodiments, the at least one oxalate ester is present in an
amount ranging from 5 percent to 30 percent by weight, based upon the total weight of the
combined activator system and oxalate system.

[00057] In some embodiments, the at least one oxalate ester is present in an amount
ranging from 20 percent to 60 percent by weight, based upon the total weight of the combined
activator system and oxalate system. In some embodiments, the at least one oxalate ester is
present in an amount ranging from 40 percent to 60 percent by weight, based upon the total
weight of the combined activator system and oxalate system. In some embodiments, the at least
one oxalate ester is present in an amount ranging from 3 percent to 20 percent by weight, based
upon the total weight of the combined activator system and oxalate system.

[00058] In some embodiments, the at least one oxalate ester is present at 3 percent by
weight, based upon the total weight of the combined activator system and oxalate system. In
some embodiments, the at least one oxalate ester is present at 60 percent by weight, based upon

the total weight of the combined activator system and oxalate system. In some embodiments, the
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at least one oxalate ester is present at more than 3 percent by weight, based upon the total weight
of the combined activator system and oxalate system.

[00059] In some embodiments, the at least oxalate ester is present at the weight percents
and the weight percent ranges detailed above, based on the weight of the oxalate system.

[00060] In some embodiments, the at least one dye such as a fluorescer may include, but is
not limited to, 1-methoxy-9,10-bis(phenylethynyl)anthracene, perylene, rubrene, 16,17-
didecycloxyviolanthrone, 2-ethyl-9,10-bis(phenylethynyl)anthracene; 2-chloro-9,10-bis(  4-
ethoxyphenyl)anthracene;2-chloro-9,10-bis(4-methoxyphenyl)anthracene; 9,10-
bis(phenylethynyl)anthracene; 1-chloro-9,10-bis(phenylethynyl)anthracene; 1,8-dichloro-9,10-
bis(phenylethynyl)anthracene; 1,5-dichloro-9,10-bis(phenylethynyl)anthracene; 2,3-dichloro-
9,10-bis (phenylethynyl)anthracene; 5,12-bis(phenylethynyl)tetracene, 9,10-diphenylanthracene;
1,6,7,12-tetraphenoxy-N,N'  -bis(2,6-diisopropylpheny 1)-3,4,9,10-perylene  dicarboximide;
1,6,7,12-tetraphenoxy-N,N'bis(2,5-di-t-butylphenyl)-3,4,9,10-perylene  dicarboximide;  1,7-
dichloro-6,12-diphenoxy-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra(p-bromophenoxy)-N,N' -bis(2,6-diisopropylphenyl)-3 ,4.,9,10-perylene
dicarboximide; 1,6,7,12-tetraphenoxy-N,N'dineopentyl-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra-(p-t-butylphenoxy)-N,N'-dineopentyl-3,4,9,10-perylenedicarboximide;  1,6,7,12-
tetra(o-chlorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra(p-chlorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene
dicarboximide;  1,6,7,12-tetra(  o-fluorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-
perylene dicarboximide; 1,6,7,12-tetra(p-fluorophenoxy)-N,N' -bis(2,6-diisopropylphenyl)-3
,4,9,10-perylenedicarboximide; 1,6,7,12-tetraphenoxy-N,N'-diethyl-3,4,9,10-perylene

dicarboximide; 1,7-dibromo-6,12-diphenoxy-N,N'-bis(2-isopropylphenyl)-3,4,9,10-perylene
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dicarboximide; 16,17-dihexyloxyviolanthrone; and/or 1,4-dimethyl-9,10-
bis(phenylethynyl)anthracene.

[00061] In some embodiments, the at least one dye such as a fluorescer is present in an
amount ranging from 0.05 percent to 0.9 percent by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the at least one dye such
as a fluorescer is present in an amount ranging from 0.1 percent to 0.8 percent by weight, based
on the total weight of the combined activator system and oxalate system. In some embodiments,
the at least one dye such as a fluorescer is present in an amount ranging from 0.15 percent to 0.9
percent by weight, based on the total weight of the combined activator system and oxalate
system. In some embodiments, the at least one dye such as a fluorescer is present in an amount
ranging from 0.05 percent to 0.5 percent by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the at least one dye such as a
fluorescer is present in an amount ranging from 0.2 percent to 0.7 percent by weight, based on
the total weight of the combined activator system and oxalate system. In some embodiments, the
at least one dye such as a fluorescer is present in an amount ranging from 0.05 percent to 0.1
percent by weight, based on the total weight of the combined activator system and oxalate
system. In some embodiments, the at least one dye such as a fluorescer is present in an amount
ranging from 0.05 percent to 0.3 percent by weight, based on the total weight of the combined
activator system and oxalate system.

[00062] In some embodiments, the at least one dye such as a fluorescer is present at 0.05
percent by weight, based on the total weight of the combined activator system and oxalate
system. In some embodiments, the at least one dye such as a fluorescer is present at 0.2 percent

by weight, based on the total weight of the combined activator system and oxalate system. In
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some embodiments, the at least one dye such as a fluorescer is present at 0.5 percent by weight,
based on the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one dye such as a fluorescer is present at 0.9 percent by weight, based
on the total weight of the combined activator system and oxalate system.

[00063] In some embodiments, the at least one dye such as a fluorescer is present at the
weight percents and the weight percent ranges detailed above, based on the weight of the oxalate
System.

[00064] In some embodiments, the at least one solvent of the oxalate system may include,
but is not limited to low melting solvents. In some embodiments, the at least one solvent of the
oxalate system may include, but is not limited to, alkyl benzoates, dialkyl malonates, dialkyl
dialkylmalonates, dialkyl arylalkylmalonates, dialkyl succinates, dialkyl glutarates, dialkyl
adipates, dialkyl pimelates, dialkyl polyalkylmalonates, acetyl trialkyl citrates, 2-acetyloxy
isobutyrates, paraffinic liquids, isoparaffinic liquids, toluene, nitrocthane, and/or any
combination thereof.

[00065] In some embodiments, the at least one first solvent is present in an amount
ranging from 10 percent to 97 percent of the total weight of the oxalate system. In some
embodiments, the at least one first solvent is present in an amount ranging from 20 percent to 80
percent of the total weight of the oxalate system. In some embodiments, the at least one first
solvent is present in an amount ranging from 10 percent to 75 percent of the total weight of the
oxalate system. In some embodiments, the at least one first solvent is present in an amount
ranging from 30 percent to 80 percent of the total weight of the oxalate system. In some
embodiments, the at least one first solvent is present in an amount ranging from 15 percent to 50

percent of the total weight of the oxalate system. In some embodiments, the at least one first
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solvent is present in an amount ranging from 50 percent to 97 percent of the total weight of the
oxalate system. In some embodiments, the at least one first solvent is present in an amount
ranging from 70 percent to 97 percent of the total weight of the oxalate system.

[00066] In some embodiments, the at least one first solvent is present at 10 percent of the
total weight of the oxalate system. In some embodiments, the at least one first solvent is present
at 40 percent of the total weight of the oxalate system. In some embodiments, the at least one
first solvent is present at 60 percent of the total weight of the oxalate system. In some
embodiments, the at least one first solvent is present at 75 percent of the total weight of the
oxalate system. In some embodiments, the at least one first solvent is present at 97 percent of the
total weight of the oxalate system.

[00067] In some embodiments, the at least one second solvent is present in an amount
ranging from 10 percent to 97 percent of the total weight of the oxalate system. In some
embodiments, the at least one second solvent is present in an amount ranging from 20 percent to
80 percent of the total weight of the oxalate system. In some embodiments, the at least one
second solvent is present in an amount ranging from 10 percent to 75 percent of the total weight
of the oxalate system. In some embodiments, the at least one second solvent is present in an
amount ranging from 30 percent to 80 percent of the total weight of the oxalate system. In some
embodiments, the at least one second solvent is present in an amount ranging from 15 percent to
50 percent of the total weight of the oxalate system. In some embodiments, the at least one
second solvent is present in an amount ranging from 50 percent to 97 percent of the total weight
of the oxalate system. In some embodiments, the at least one second solvent is present in an

amount ranging from 70 percent to 97 percent of the total weight of the oxalate system.
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[00068] In some embodiments, the at least one second solvent is present at 10 percent of
the total weight of the oxalate system. In some embodiments, the at least one second solvent is
present at 40 percent of the total weight of the oxalate system. In some embodiments, the at least
one second solvent is present at 60 percent of the total weight of the oxalate system. In some
embodiments, the at least one second solvent is present at 75 percent of the total weight of the
oxalate system. In some embodiments, the at least one second solvent is present at 97 percent of
the total weight of the oxalate system.

[00069] In some embodiments, the at least one inorganic salt may include, but is not
limited to, sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper acetate, lead
acetate, cupric chloride, ferric chloride, calcium iodide, potassium iodide, and/or silver nitrate.
[00070] In some embodiments, the at least one inorganic salt is present in an amount
ranging from 0.05 percent to 30 percent by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the at least one inorganic salt is
present in an amount ranging from 0.5 percent to 25 percent by weight, based on the total weight
of the combined activator system and oxalate system. In some embodiments, the at least one
inorganic salt is present in an amount ranging from 5 percent to 20 percent by weight, based on
the total weight of the combined activator system and oxalate system. In some embodiments, the
at least one inorganic salt is present in an amount ranging from 10 percent to 15 percent by
weight, based on the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one inorganic salt is present in an amount ranging from 1 percent to 20
percent by weight, based on the total weight of the combined activator system and oxalate
system. In some embodiments, the at least one inorganic salt is present in an amount ranging

from 0.05 percent to 10 percent by weight, based on the total weight of the combined activator
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system and oxalate system. In some embodiments, the at least one inorganic salt is present in an
amount ranging from 0.1 percent to 5 percent by weight, based on the total weight of the
combined activator system and oxalate system.

[00071] In some embodiments, the at least one inorganic salt is present at 0.05 percent by
weight, based on the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one inorganic salt is present at 30 percent by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the at least
one inorganic salt is present at 20 percent by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the at least one inorganic salt is
present at 15 percent by weight, based on the total weight of the combined activator system and
oxalate system. In some embodiments, the at least one inorganic salt is present at 1 percent by
weight, based on the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one inorganic salt is present at 2 percent by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the at least
one inorganic salt is present at 5 percent by weight, based on the total weight of the combined
activator system and oxalate system.

[00072] In some embodiments, the at least one inorganic salt is present at the weight
percents and the weight percent ranges detailed above, based on the weight of the oxalate
System.

[00073] In some embodiments, the at least one peroxide may include, but is not limited to,
hydrogen peroxide; sodium peroxide; sodium perborate; sodium pyrophosphate peroxide; urea
peroxide; histidine peroxide; t-butylhydroperoxide; peroxybenzoic acid, and/or sodium

percarbonate.
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[00074] In some 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 combined activator
system and oxalate system. In some embodiments, the at least one peroxide is present in an
amount ranging from 5 percent to 25 percent by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the at least one peroxide
is present in an amount ranging from 1 percent to 20 percent by weight, based on the total weight
of the combined activator system and oxalate system. In some embodiments, the at least one
peroxide is present in an amount ranging from 10 percent to 15 percent by weight, based on the
total weight of the combined activator system and oxalate system. In some embodiments, the at
least one peroxide is present in an amount ranging from 0.25 percent to 5 percent by weight,
based on the total weight of the combined activator system and oxalate system.

[00075] In some embodiments, the at least one peroxide is present at 0.25 percent by
weight, based on the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one peroxide is present at 1 percent by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the at least
one peroxide is present at 5 percent by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the at least one peroxide is present
at 10 percent by weight, based on the total weight of the combined activator system and oxalate
system. In some embodiments, the at least one peroxide is present at 20 percent by weight,
based on the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one peroxide is present at 25 percent by weight, based on the total

weight of the combined activator system and oxalate system.
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[00076] In some embodiments, the at least one peroxide is present at the weight percents
and the weight percent ranges detailed above, based on the weight of the activator system.
[00077] In some embodiments, the at least one solvent of the activator system may
include, but is not limited to low melting solvents. In some embodiments, the at least one
solvent of the activator system may include, but is not limited to, trialkyl citrates, dialkyl
phthalates, glycols, glycol ethers and any combination thereof.

[00078] In some embodiments, the at least one third solvent is present in an amount
ranging from 0 percent to 95 percent of the total weight of the activator system. In some
embodiments, the at least one third solvent is present in an amount ranging from 10 percent to 80
percent of the total weight of the activator system. In some embodiments, the at least one third
solvent is present in an amount ranging from 10 percent to 60 percent of the total weight of the
activator system. In some embodiments, the at least one third solvent is present in an amount
ranging from 30 percent to 90 percent of the total weight of the activator system. In some
embodiments, the at least one third solvent is present in an amount ranging from 15 percent to 90
percent of the total weight of the activator system. In some embodiments, the at least one third
solvent is present in an amount ranging from 50 percent to 95 percent of the total weight of the
activator system. In some embodiments, the at least one third solvent is present in an amount
ranging from 0 percent to 10 percent of the total weight of the activator system.

[00079] In some embodiments, the at least one third solvent is present at 0 percent of the
total weight of the activator system. In some embodiments, the at least one third solvent is
present at 20 percent of the total weight of the activator system. In some embodiments, the at
least one third solvent is present at 40 percent of the total weight of the activator system. In some

embodiments, the at least one third solvent is present at 60 percent of the total weight of the
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activator system. In some embodiments, the at least one third solvent is present at 95 percent of
the total weight of the activator system.

[00080] In some embodiments, the at least one fourth solvent is present in an amount
ranging from 0 percent to 95 percent of the total weight of the activator system. In some
embodiments, the at least one fourth solvent is present in an amount ranging from 10 percent to
80 percent of the total weight of the activator system. In some embodiments, the at least one
fourth solvent is present in an amount ranging from 10 percent to 60 percent of the total weight
of the activator system. In some embodiments, the at least one fourth solvent is present in an
amount ranging from 30 percent to 90 percent of the total weight of the activator system. In
some embodiments, the at least one fourth solvent is present in an amount ranging from 15
percent to 90 percent of the total weight of the activator system. In some embodiments, the at
least one fourth solvent is present in an amount ranging from 50 percent to 95 percent of the total
weight of the activator system. In some embodiments, the at least one fourth solvent is present
in an amount ranging from 0 percent to 10 percent of the total weight of the activator system.
[00081] In some embodiments, the at least one fourth solvent is present at 0 percent of the
total weight of the activator system. In some embodiments, the at least one fourth solvent is
present at 20 percent of the total weight of the activator system. In some embodiments, the at
least one fourth solvent is present at 40 percent of the total weight of the activator system. In
some embodiments, the at least one fourth solvent is present at 60 percent of the total weight of
the activator system. In some embodiments, the at least one fourth solvent is present at 95
percent of the total weight of the activator system.

[00082] In some embodiments, the at least one catalyst may include, but is not limited to,

dimethylbenzylamine, = N,N-dimethyl-1-phenylethylamine, = N-ethyl-N-methylbenzylamine,
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diethylbenzylamine, N-methyl-N-propylbenzylamine, N,N-dibutylbenzylamine, N,N-bis(1-
methylethyl)benzenemethanamine, methyl dibenzylamine, ethyl dibenzylamine, n-propyl
dibenzylamine, iso-propyl dibenzylamine, butyl dibenzylamine, iso-butyl dibenzylamine, N,N-
dibenzyl-2-phenylethanamine, hexyl dibenzylamine, tribenzyl amine, 4-methyl-N,N-bis[(4-
methylphenyl)methyl]benzenemethanamine, 4-methyl-N,N-
bis(phenylmethyl)benzenemethanamine, N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-
phenylbenzenemethanamine, N,4-dimethyl-N-phenylbenzenemethanamine, N-propyl-N-
phenylbenzenemethanamine, N, N-diphenylbenzenemethanamine, N,N-bis(4-
methylphenyl)benzenemethanamine, lithium benzoate, sodium benzoate, potassium benzoate,
cesium benzoate, lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and/or cesium p-anisate.

[00083] In some embodiments, the at least one catalyst is present at a concentration
ranging from 5% to 0.0005% by weight, based on the total weight of the combined activator
system and oxalate system. In some embodiments, the at least one catalyst is present at a
concentration ranging from 2% to 0.1% by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the at least one catalyst is present at
a concentration ranging from 1% to 0.0005% by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the at least one catalyst is
present at a concentration ranging from 5% to 2% by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the at least one catalyst is
present at a concentration ranging from 0.7% to 0.0005% by weight, based on the total weight of

the combined activator system and oxalate system. In some embodiments, the at least one
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catalyst is present at a concentration ranging from 0.5% to 0.05% by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the at least
one catalyst is present at a concentration ranging from 5% to 3% by weight, based on the total
weight of the combined activator system and oxalate system.

[00084] In some embodiments, the at least one catalyst is present at 5% by weight, based
on the total weight of the combined activator system and oxalate system. In some embodiments,
the at least one catalyst is present at 0.5% by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the at least one catalyst is present at
0.05% by weight, based on the total weight of the combined activator system and oxalate system.
In some embodiments, the at least one catalyst is present at 0.005% by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the at least
one catalyst is present at 0.0005% by weight, based on the total weight of the combined activator
system and oxalate system. In some embodiments, the at least one catalyst is present at 2% by
weight, based on the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one catalyst is present at 3% by weight, based on the total weight of
the combined activator system and oxalate system.

[00085] In some embodiments, the at least one catalyst is present at the weight percents
and the weight percent ranges detailed above, based on the weight of the activator system.
[00086] In some embodiments, the at least one catalyst is dissolved in a solvent. In some
embodiments, the solvent may include at least one bridging solvent suitable to allow sufficient
mixing of the peroxide. In some embodiments, the solvent may include, but is not limited to,
aliphatic tertiary alcohols, chosen from, but not restricted to, tert-butanol, 3-methyl-3-pentanol,

2-methyl-2-butanol, ethyl 2-hydroxyisobutyrate, and methyl 2-hydroxyisobutyrate; glycols
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chosen from, but not restricted to ethylene glycol and propylene glycol; and glycol ethers chosen
from, but not restricted to ethylene glycol monomethyl ether, ethylene glycol diethyl ether,
cthylene glycol monobutyl ether, ethylene glycol dibutyl ether, and propylene glycol dimethyl
ether or any combination thereof.

[00087] In some embodiments, the at least one solvent is present in an amount ranging
from 0 percent to 95 percent of the total weight of the activator system. In some embodiments,
the at least one solvent is present in an amount ranging from 10 percent to 80 percent of the total
weight of the activator system. In some embodiments, the at least one solvent is present in an
amount ranging from 10 percent to 60 percent of the total weight of the activator system. In
some embodiments, the at least one solvent is present in an amount ranging from 30 percent to
90 percent of the total weight of the activator system. In some embodiments, the at least one
solvent is present in an amount ranging from 15 percent to 90 percent of the total weight of the
activator system. In some embodiments, the at least one solvent is present in an amount ranging
from 50 percent to 95 percent of the total weight of the activator system. In some embodiments,
the at least one solvent is present in an amount ranging from 0 percent to 10 percent of the total
weight of the activator system.

[00088] In some embodiments, the at least one solvent is present at 0 percent of the total
weight of the activator system. In some embodiments, the at least one solvent is present at 20
percent of the total weight of the activator system. In some embodiments, the at least one
solvent is present at 40 percent of the total weight of the activator system. In some embodiments,
the at least one solvent is present at 60 percent of the total weight of the activator system. In
some embodiments, the at least one solvent is present at 95 percent of the total weight of the

activator system.
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[00089] Non-limiting Example 1

[00090] The experiments in Table I illustrate the effect of changing catalyst ratios on the
light output of a low temperature formulated oxalate ester. The Oxalate A was made from a
mixture of 14% bis(2,4,5-trichloro-6-carbopentoxyphenyl)oxalate (CPPO) and 0.31% rubrene in
a solvent made from 50% butyl benzoate and 50% diethyl diethyl malonate. Activator A was
composed of 0.1% sodium salicylate and 0.05% tribenzyl amine with 10% of a 50% aqueous
hydrogen peroxide solution in a solvent mixture of 80% triethyl citrate and 20% methyl 2-
hydroxyisobutyrate. Activator B was composed of 0.05% sodium salicylate and 0.05% tribenzyl
amine with 10% of a 50% aqueous hydrogen peroxide solution in a solvent mixture of 80%
tricthyl citrate and 20% methyl 2-hydroxyisobutyrate. Activator C was composed of 0.005%
sodium salicylate and 0.05% tribenzyl amine with 10% of a 50% aqueous hydrogen peroxide
solution in a solvent mixture of 80% triethyl citrate and 20% methyl 2-hydroxyisobutyrate. The
tests were conducted measuring the light output with an ILT 1700 light meter. The reaction
vessel was placed into the high speed mixer, then 1.8 g of the oxalate ester was added and the

mixer was turned on and 4.0 g of the activator solution added. The results are shown in Table 1.
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[Adjustment of light output profile with multiple catalyst ratio.]

Seconds Activator A Activator B | Activator C (lux)
(lux) (lux)

1.0 178 178 177
1.5 18390 18140 8127
2 11055 13660 7763
2.5 7850 10430 7393
3 5635 8130 7043
3.5 4080 6400 6703
4 2975 5075 6387
4.5 2197 4050 6093
5 1636 3270 5800
5.5 1235 2655 5557
6 945 2170 5333
6.5 730 1790 5087
7 570 1487 4883
7.5 450 1240 4703
8 357 1039 4513
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8.5 286 875 4323
9 230 739 4167
9.5 188 629 4007
10 155 536 3860
10.5 128 460 3713
11 108 395 3583
11.5 91 343 3463
12 77 298 3337
12.5 66 259 3223
13 57 228 3117
13.5 49 200 3007
14 43 177 2917
14.5 38 156 2823
15 33 139 2740
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[00092] Non-Limiting Example 2

[00093] A reaction vessel was placed in a high speed mixer and 200 mg of sodium
thiosulfate was added to the cup. Oxalate A was reacted with Activator C at three different
temperatures in the same fashion with both solutions maintained at the indicated temperature for
at least 1 hour before combining and reacted as described in Example 1. The results are shown in
Figure 1. Figure 1 represents the chemical light output of Oxalate A and Activator C at room
temperature, 50 degrees C, and -50 degrees C.

[00094] In some embodiments, the present invention is a chemiluminescent system,
including: an oxalate system, including: (a) at least one oxalate ester in an amount ranging from
3 to 60 percent by weight based on a total weight of the oxalate system, (b) at least one first
solvent selected from the group consisting of: alkyl benzoates, dialkyl phthalates, trialkyl
acetylcitrates, 2-acetyloxy isobutyrates, paraffinic liquids, isoparaffinic liquids, toluene,
nitroethane, and a combination therecof, where the at least one first solvent is present in an
amount ranging from 10 to 97 percent by weight based on the total weight of the oxalate system;
(c) at least one second solvent selected from the group consisting of: dialkyl malonates, dialkyl
dialkylmalonates, dialkyl arylalkylmalonates, dialkyl succinates, dialkyl glutarates, dialkyl
adipates, dialkyl pimelates, dialkyl polyalkylmalonates and a combination thereof, where the at
least one second solvent is present in an amount ranging from 5 to 85 percent by weight based on
the total weight of the oxalate system; (d) at least one fluorescer, and (e) at least one inorganic
salt, in an amount ranging from 0.1 to 30 percent by weight based on the total weight of the
oxalate system, and an activator system, including: (a) at least one peroxide, (b) at least one third
solvent selected from the group consisting of: tert-butanol, 3-methyl-3-pentanol, 2- methyl-2-

butanol, ethyl 2-hydroxyisobutyrate, methyl 2- hydroxyisobutyrate, ethylene glycol, propylene
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glycol, ethylene glycol monomethyl ether, ethylene glycol diethyl ether, ethylene glycol
monobutyl ether, ethylene glycol dibutyl ether, and propylene glycol dimethyl ether, and a
combination thereof;, where the at least one third solvent is present in an amount ranging from 5
to 85 percent by weight based on the total weight of the activator system, (c) at least one fourth
solvent selected from the group consisting of: trialkyl citrates, dialkyl phthalates, glycols, glycol
cthers, and a combination thercof;, where the at least one fourth solvent is present in an amount
ranging from 15 to 95 percent by weight based on a total weight of the activator system, and (d)
at least one catalyst, and where the chemiluminescent system, at a temperature ranging from -110
degrees Celsius to 75 degrees Celsius, is configured to produce a light having an illuminescence.

[00095] In some embodiments, the at least one oxalate ester is represented by formula (I):

D
F\)? .
Cl ;:O\Q

where R=CH»A, and A 1is selected from the group consisting of an alkyl chain, alkyl ring, an
aromatic ring, and a combination thereof, where R is linear or branched, and where R is from C4
15.

[00096] In some embodiments, the at least one oxalate ester is selected from the group
consisting of:  bis{3,4,6-trichloro-2-[(2-methylpropoxy)carbonyl|phenyl }oxalate, bis{3,4,6-
trichloro-2-[(cyclopropylmethoxy)carbonyl]phenyl}oxalate, bis{3,4,6-trichloro-2-[(2-

methylbutoxy)carbonyl]phenyl }oxalate, bis {3,4,6-trichloro-2-[(3-
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methylbutoxy)carbonyl]phenyl }oxalate,
dimethylpropoxy)carbonyl|phenyl}oxalate,
methylpentyloxy)carbonyl]phenyl}oxalate,
methylpentyloxy)carbonyl]phenyl} oxalate,
methylpentyloxy)carbonyl]phenyl}oxalate,
dimethylbutoxy)carbonyl]phenyl }oxalate,
ethylbutoxy)carbonyl]phenyl}oxalate,
[(cyclopentylmethoxy)carbonylJphenyl} oxalate,
methylhexyloxy)carbonyl]phenyl}oxalate,
methylhexyloxy)carbonyl]phenyl}oxalate,
methylhexyloxy)carbonyl]phenyl}oxalate,
methylhexyloxy)carbonyl]phenyl}oxalate,
[(cyclohexylmethoxy)carbonyl]phenyl}oxalate,

[(phenylmethoxy)carbonyl]phenyl}oxalate,

PCT/US2014/040573

bis{3,4,6-trichloro-2-[(2,2-

bis {3,4,6-trichloro-2-[(2-

bis {3,4,6-trichloro-2-[(3-

bis{3,4,6-tri chloro-2-[(4-
bis{3,4,6-trichloro-2-[(3,3-
bis{3,4,6-trichloro-2-[(2-
bis {3,4,6-trichloro-2-

bis {3,4,6-trichloro-2-[(2-
bis {3,4,6-trichloro-2-[(3-
bis{3,4,6-trichloro-2-[(4-
bis {3,4,6-trichloro-2-[(5-
bis {3,4,6-trichloro-2-
6-trichloro-2-

bis{3,4

bis {3,4,6-trichloro-2-[(2-

phenylethoxy)carbonyl]phenyl }oxalate, bis(3,4, 6-trichloro-2-{[(2-
methylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(3-
methylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(4-
methylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(2,3-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(2,4-
dimethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3 .4,6-trichloro-2-{[3,4-

dimethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[(3,5-

dimethylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{ [ (2,6-

dimethylphenyl)methoxy] carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(2-
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ethylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6- trichloro-2-{[(3-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[(4-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(2-
methylphenyl)ethoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(3-
methylphenyl)ethoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(4-
methylphenyl)ethoxy]carbonyl} phenyl)oxalate, bis{3,4,6-trichloro-2-[(2-
phenylpropoxy)carbonyl]phenyl } oxalate, bis{3,4,6-trichloro-2-[ (3-
phenylpropoxy)carbonyl]phenyl } oxalate, bis{3,4,6-trichloro-2-[1-
naphthalenylmethoxy)carbonyl|phenyl}oxalate, bis{3,4,6-trichloro-2-[2-
naphthalenylmethoxy)carbonyl|phenyl}oxalate, bis{3,4,6-trichloro-2-[(2,2-
diphenylethoxy)carbonyl|phenyl } oxalate, bis {3,4,6-trichloro-2-[(9-
fluorenylmethoxy)carbonyl]phenyl } oxalate, and bis {3,4,6-trichloro-2-[(9-

anthracenylmethoxy)carbonyl]phenyl } oxalate.

[00097] In some embodiments, the at least one fluorescer is present in an amount ranging
from 0.05 to 0.9 percent by weight based on the total weight of the chemiluminescent system.
[00098] In some embodiments, the at least one inorganic salt is selected from the group
consisting of sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper acetate, lead
acetate, cupric chloride, ferric chloride, calcium iodide, potassium iodide, silver nitrate, and a
combination thereof.

[00099] In some embodiments, the at least one peroxide is selected from the group
consisting of hydrogen peroxide, sodium peroxide, sodium perborate, sodium pyrophosphate
peroxide, urea peroxide, histidine peroxide, t-butylhydroperoxide, peroxynehzoic acid, sodium

percarbonate, and a combination thereof.
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[000100] In some embodiments, the at least one peroxide is present in an amount ranging
from 0.25 to 25 percent by weight based on the total weight of the chemiluminescent system.
[000101] In some embodiments, the at least one catalyst is selected from the group
consisting  of:  dimethylbenzylamine, = N,N-dimethyl-1-phenylethylamine, = N-ethyl-N-
methylbenzylamine, diethylbenzylamine, N-methyl-N-propylbenzylamine, N,N-
dibutylbenzylamine, N,N-bis(1-methylethyl)benzenemethanamine, methyl dibenzylamine, ethyl
dibenzylamine, n-propyl dibenzylamine, iso-propyl dibenzylamine, butyl dibenzylamine, iso-
butyl dibenzylamine, N,N-dibenzyl-2-phenylethanamine, hexyl dibenzylamine, tribenzyl amine,
4-methyl-N,N-bis[(4-methylphenyl)methyl|benzenemethanamine, 4-methyl-N,N-
bis(phenylmethyl)benzenemethanamine, N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-
phenylbenzenemethanamine, N,4-dimethyl-N-phenylbenzenemethanamine, N-propyl-N-
phenylbenzenemethanamine, N, N-diphenylbenzenemethanamine, N,N-bis(4-
methylphenyl)benzenemethanamine, lithium benzoate, sodium benzoate, potassium benzoate,
cesium benzoate, lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and/or cesium p-anisate.

[000102] In some embodiments, the at least one catalyst is present in an amount ranging

from 5 to 0.0005 percent by weight based on the total weight of the chemiluminescent system.

[000103] Low Temperature Activator Systems and Mecthods for Chemiluminescent
Reactions
[000104] "Activation" and variations thercof, as used herein, means that the activation

system of the present invention and a suitable oxalate system comprised of an oxalate solution

containing one or more suitable oxalate esters with one or more dyes in a suitable solvent with or
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without other components known to one skilled in the art have been sufficiently combined such
as by mixing to provide useable light in a short period such as less than a minute at low
temperatures such as down -110 degrees C.

[000105] In some embodiments, the present invention relates to an activator system for a
chemiluminescent reaction for production of useable light in a short period such as less than a
minute at low temperatures down to -110 degrees C. In some embodiments, the activator system
can be used in military and non-military training, emergency, and situations where potential
ignition sources are hazardous when combined with a suitable oxalate system.

[000106] Tracers are employed that allow an observer to visually trace a projectile's
trajectory, such as after the firing of munitions in training or combat situations. Winter and high
altitude conditions can greatly diminish the effectiveness of current chemiluminescent markers.
[000107] In some embodiments, the present invention is an activator system for a
chemiluminescent system, where the activator system includes at least one peroxide, at least one
catalyst, at least one first solvent, and at least one second solvent configured to allow sufficient
mixing of the at least one peroxide, and where, when the activator system is mixed with an
oxalate system for the chemiluminescent system, the chemiluminescent system is configured to
provide light at a temperature of -110 degrees C.

[000108] In some embodiments, the at least one peroxide is selected from the group
consisting of hydrogen peroxide; sodium peroxide; sodium perborate; sodium pyrophosphate
peroxide; urea peroxide; histidine peroxide; t-butylhydroperoxide; peroxybenzoic acid, and

sodium percarbonate.
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[000109] In some 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 combined activator
system and oxalate system.

[000110] In some embodiments, the at least one first solvent is selected from the group
consisting of trialkyl citrates, dialkyl phthalates, glycols, and glycol ethers.

[000111] In some embodiments, the at least one catalyst is selected from the group
consisting  of dimethylbenzylamine, = N,N-dimethyl-1-phenylethylamine, N-ethyl-N-
methylbenzylamine, diethylbenzylamine, N-methyl-N-propylbenzylamine, N,N-
dibutylbenzylamine, N,N-bis(1-methylethyl)benzenemethanamine, methyl dibenzylamine, ethyl
dibenzylamine, n-propyl dibenzylamine, iso-propyl dibenzylamine, butyl dibenzylamine, iso-
butyl dibenzylamine, N,N-dibenzyl-2-phenylethanamine, hexyl dibenzylamine, tribenzyl amine,
4-methyl-N,N-bis[(4-methylphenyl)methyl]benzenemethanamine, 4-methyl-N,N-
bis(phenylmethyl)benzenemethanamine, N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-
phenylbenzenemethanamine, N,4-dimethyl-N-phenylbenzenemethanamine, N-propyl-N-
phenylbenzenemethanamine, N, N-diphenylbenzenemethanamine, N,N-bis(4-
methylphenyl)benzenemethanamine, lithium benzoate, sodium benzoate, potassium benzoate,
cesium benzoate, lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and cesium p-anisate.

[000112] In some embodiments, the at least one catalyst is present in a concentration
ranging from 5 percent to 0.0005 percent of the total weight of the combined activator system

and oxalate system.
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[000113] In some embodiments, the activator system includes a second solvent configured
to dissolve the at least one catalyst and allow mixing of the at least one peroxide, wherein the
second solvent is selected from the group consisting of aliphatic tertiary alcohols, chosen from,
but not restricted to, tert-butanol, 3-methyl-3-pentanol, 2-methyl-2-butanol, ethyl 2-
hydroxyisobutyrate, alkyl 2-hydroxyisobutyrates, and methyl 2-hydroxyisobutyrate; glycols;
ethylene glycol and propylene glycol; glycol ethers; ethylene glycol monomethyl ether, ethylene
glycol diethyl ether, ethylene glycol monobutyl ether, ethylene glycol dibutyl ether, and
propylene glycol dimethyl ether.

[000114] In some embodiments, the at least second solvent is present in a concentration
ranging from 0 percent to 90 percent of the total weigh to activator system.

[000115] In some embodiments, the activator system, when combined with a suitable
oxalate system, provides a chemiluminescent activator system that performs at low temperatures
to provide usable light.

[000116] In some embodiments, the activator system, when combined with a suitable
oxalate system, emits light. In some embodiments, the activator system includes at least one
peroxide, at least one catalyst, at least one bridging solvent (i.e., “second solvent”) to assist with
the solubility of the peroxide component if necessary, and at least one solvent that has a
sufficiently low melting point and is compatible with the chemical reactions required to produce
chemiluminesence.

[000117] In some embodiments, the activator system of the present invention produces
useable light at low temperatures when activated.

[000118] In some embodiments, the oxalate system may include, but is not limited to, at

least one oxalate ester, at least one dye such as a fluorescer, at least one inorganic salt, wherein
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the at least one inorganic salt is chosen from sodium thiosulphate, potassium thiosulphate, cobalt
acetate, copper acetate, lead acetate, cupric chloride, ferric chloride, calcium iodide, potassium
iodide, and silver nitrate, and at least one low boiling solvent chosen from, but not restricted to,
alkyl benzoates, dialkyl malonates, dialkyl dialkylmalonates, dialkyl arylalkylmalonates, dialkyl
succinates, dialkyl glutarates, dialkyl adipates, dialkyl pimelates, dialkyl polyalkylmalonates,
acetyl trialkyl citrates, 2-acetyloxy isobutyrates, paraffinic liquids, isoparaffinic liquids, toluene,
nitroethane, or a mixture of any of the above.

[000119] In some embodiments, the ratio of the weight of the oxalate system to the weight
of the activator system ranges from 1:9 to 4:1. In some embodiments, the ratio of the weight of
the oxalate system to the weight of the activator system ranges from 1:5 to 2:1. In some
embodiments, the ratio of the weight of the oxalate system to the weight of the activator system
ranges from 1:1 to 3:1. In some embodiments, the ratio of the weight of the oxalate system to
the weight of the activator system ranges from 1:3 to 3:1. In some embodiments, the ratio of the
weight of the oxalate system to the weight of the activator system ranges from 1:2 to 2:1. In
some embodiments, the ratio of the weight of the oxalate system to the weight of the activator
system ranges from 2:1 to 4:1. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system ranges from 1:6 to 2:1. In some embodiments, the
ratio of the weight of the oxalate system to the weight of the activator system ranges from 1:1 to
4:1.

[000120] In some embodiments, the ratio of the weight of the oxalate system to the weight
of the activator system is 1:2. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system is 2:1. In some embodiments, the ratio of the weight

of the oxalate system to the weight of the activator system is 3:1. In some embodiments, the
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ratio of the weight of the oxalate system to the weight of the activator system is 1:8. In some
embodiments, the ratio of the weight of the oxalate system to the weight of the activator system
is 8:2. In some embodiments, the ratio of the weight of the oxalate system to the weight of the
activator system is 4:1. In some embodiments, the ratio of the weight of the oxalate system to the
weight of the activator system is 1:9. In some embodiments, the ratio of the weight of the
oxalate system to the weight of the activator system is 1:5. In some embodiments, the ratio of
the weight of the oxalate system to the weight of the activator system is 1:3.

[000121] In some embodiments, the system of the present invention, when activated, is
configured to produce useable light in a temperature range of -110°C to 75°C. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light in a temperature range of -80°C to 50°C. In some embodiments, the system of the
present invention, when activated, is configured to produce useable light in a temperature range
of -110°C to 50°C. In some embodiments, the system of the present invention, when activated, is
configured to produce useable light in a temperature range of -80°C to 75°C. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light in a temperature range of -30°C to 30°C. In some embodiments, the system of the
present invention, when activated, is configured to produce useable light in a temperature range
of -100°C to 0°C. In some embodiments, the system of the present invention, when activated, is
configured to produce useable light in a temperature range of -20°C to 75°C. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light in a temperature down to -110°C. In some embodiments, the system of the present

invention, when activated, is configured to produce useable light in a temperature range of -60°C
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to 20°C. In some embodiments, the system of the present invention, when activated, is
configured to produce useable light in a temperature range of -110°C to -10°C.

[000122] In some embodiments, the system of the present invention, when activated, is
configured to produce useable light for a duration of 1 second to 3 minutes. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light for a duration of 10 seconds to 3 minutes. In some embodiments, the system of the
present invention, when activated, is configured to produce useable light for a duration of 1
second to 2 minutes. In some embodiments, the system of the present invention, when activated,
is configured to produce useable light for a duration of 30 seconds to 1 minute. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light for a duration of 20 seconds to 2 minute. In some embodiments, the system of the
present invention, when activated, is configured to produce useable light for a duration of 2
minutes to 3 minutes. In some embodiments, the system of the present invention, when
activated, is configured to produce useable light for a duration of 1 minute to 2 minutes.

[000123] In some embodiments, the system of the present invention, when activated, is
configured to produce useable light for a duration of 10 seconds. In some embodiments, the
system of the present invention, when activated, is configured to produce useable light for a
duration of 1 minute. In some embodiments, the system of the present invention, when
activated, is configured to produce useable light for a duration of 30 seconds. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light for a duration of 2 minutes. In some embodiments, the system of the present
invention, when activated, is configured to produce useable light for a duration of 15 seconds. In

some embodiments, the system of the present invention, when activated, is configured to produce
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useable light for a duration of 1.5 minutes. In some embodiments, the system of the present
invention, when activated, is configured to produce useable light for a duration of 45 seconds.
[000124] In some embodiments, the activator system for a chemiluminescent reaction
system is comprised of at least one peroxide, at least one catalyst, at least one low melting point
solvent and at least one bridging solvent, if required, to allow sufficient mixing of the peroxide
component.

[000125] In some embodiments the at least one peroxide may include, but is not limited to,
hydrogen peroxide; sodium peroxide; sodium perborate; sodium pyrophosphate peroxide; urea
peroxide; histidine peroxide; t-butylhydroperoxide; peroxybenzoic acid, and/or sodium
percarbonate.

[000126] In some 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 combined activator
system and oxalate system. In some embodiments, the at least one peroxide is present in an
amount ranging from 5 percent to 25 percent by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the at least one peroxide
is present in an amount ranging from 1 percent to 20 percent by weight, based on the total weight
of the combined activator system and oxalate system. In some embodiments, the at least one
peroxide is present in an amount ranging from 10 percent to 15 percent by weight, based on the
total weight of the combined activator system and oxalate system. In some embodiments, the at
least one peroxide is present in an amount ranging from 0.25 percent to 5 percent by weight,
based on the total weight of the combined activator system and oxalate system.

[000127] In some embodiments, the at least one peroxide is present at 0.25 percent by

weight, based on the total weight of the combined activator system and oxalate system. In some
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embodiments, the at least one peroxide is present at 1 percent by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the at least
one peroxide is present at 5 percent by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the at least one peroxide is present
at 10 percent by weight, based on the total weight of the combined activator system and oxalate
system. In some embodiments, the at least one peroxide is present at 20 percent by weight,
based on the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one peroxide is present at 25 percent by weight, based on the total
weight of the combined activator system and oxalate system.

[000128] In some embodiments, the at least one peroxide is present at the weight percents
and the weight percent ranges detailed above, based on the weight of the activator system.
[000129] In some embodiments, the at least one low melting point solvent (i.e., “first
solvent”) may include, but is not limited to, trialkyl citrates, dialkyl phthalates, glycols, glycol
ethers and any combination thereof.

[000130] In some embodiments, the at least one first solvent is present in an amount
ranging from 0 percent to 95 percent of the total weight of the activator system. In some
embodiments, the at least one first solvent is present in an amount ranging from 10 percent to 97
percent of the total weight of the activator system. In some embodiments, the at least one first
solvent is present in an amount ranging from 10 percent to 80 percent of the total weight of the
activator system. In some embodiments, the at least one first solvent is present in an amount
ranging from 10 percent to 60 percent of the total weight of the activator system. In some
embodiments, the at least one first solvent is present in an amount ranging from 30 percent to 90

percent of the total weight of the activator system. In some embodiments, the at least one first
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solvent is present in an amount ranging from 15 percent to 90 percent of the total weight of the
activator system. In some embodiments, the at least one first solvent is present in an amount
ranging from 50 percent to 95 percent of the total weight of the activator system. In some
embodiments, the at least one first solvent is present in an amount ranging from 0 percent to 10
percent of the total weight of the activator system.

[000131] In some embodiments, the at least one first solvent is present at 0 percent of the
total weight of the activator system. In some embodiments, the at least one first solvent is present
at 20 percent of the total weight of the activator system. In some embodiments, the at least one
first solvent is present at 40 percent of the total weight of the activator system. In some
embodiments, the at least one first solvent is present at 60 percent of the total weight of the
activator system. In some embodiments, the at least one first solvent is present at 95 percent of
the total weight of the activator system. In some embodiments, the at least one first solvent is
present at 97 percent of the total weight of the activator system.

[000132] In some embodiments, the at least one catalyst may include, but is not limited to,
dimethylbenzylamine, = N,N-dimethyl-1-phenylethylamine, = N-ethyl-N-methylbenzylamine,
diethylbenzylamine, N-methyl-N-propylbenzylamine, N,N-dibutylbenzylamine, N,N-bis(1-
methylethyl)benzenemethanamine, methyl dibenzylamine, ethyl dibenzylamine, n-propyl
dibenzylamine, iso-propyl dibenzylamine, butyl dibenzylamine, iso-butyl dibenzylamine, N,N-
dibenzyl-2-phenylethanamine, hexyl dibenzylamine, tribenzyl amine, 4-methyl-N,N-bis[(4-
methylphenyl)methyl]benzenemethanamine, 4-methyl-N,N-
bis(phenylmethyl)benzenemethanamine, N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-
phenylbenzenemethanamine, N,4-dimethyl-N-phenylbenzenemethanamine, N-propyl-N-

phenylbenzenemethanamine, N, N-diphenylbenzenemethanamine, N,N-bis(4-
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methylphenyl)benzenemethanamine, lithium benzoate, sodium benzoate, potassium benzoate,
cesium benzoate, lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and/or cesium p-anisate.

[000133] In some embodiments, the at least one catalyst is present at a concentration
ranging from 5% to 0.0005% by weight, based on the total weight of the combined activator
system and oxalate system. In some embodiments, the at least one catalyst is present at a
concentration ranging from 2% to 0.1% by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the at least one catalyst is present at
a concentration ranging from 1% to 0.0005% by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the at least one catalyst is
present at a concentration ranging from 5% to 2% by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the at least one catalyst is
present at a concentration ranging from 0.7% to 0.0005% by weight, based on the total weight of
the combined activator system and oxalate system. In some embodiments, the at least one
catalyst is present at a concentration ranging from 0.5% to 0.05% by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the at least
one catalyst is present at a concentration ranging from 5% to 3% by weight, based on the total
weight of the combined activator system and oxalate system.

[000134] In some embodiments, the at least one catalyst is present at 5% by weight, based
on the total weight of the combined activator system and oxalate system. In some embodiments,
the at least one catalyst is present at 0.5% by weight, based on the total weight of the combined

activator system and oxalate system. In some embodiments, the at least one catalyst is present at
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0.05% by weight, based on the total weight of the combined activator system and oxalate system.
In some embodiments, the at least one catalyst is present at 0.005% by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the at least
one catalyst is present at 0.0005% by weight, based on the total weight of the combined activator
system and oxalate system. In some embodiments, the at least one catalyst is present at 2% by
weight, based on the total weight of the combined activator system and oxalate system. In some
embodiments, the at least one catalyst is present at 3% by weight, based on the total weight of
the combined activator system and oxalate system.

[000135] In some embodiments, the at least one catalyst is present at the weight percents
and the weight percent ranges detailed above, based on the weight of the activator system.
[000136] In some embodiments, the at least one catalyst is dissolved in a suitable solvent
wherein the at least one bridging solvent (i.c., second solvent), if necessary to allow sufficient
mixing of the peroxide component may include, but is not limited to, tert-butanol, 3-methyl-3-
pentanol, 2-methyl-2-butanol, ethyl 2-hydroxyisobutyrate, alkyl 2-hydroxyisobutyrates and
methyl 2-hydroxyisobutyrate; glycols chosen from, but not restricted to ethylene glycol and
propylene glycol; and glycol ethers chosen from, but not restricted to ethylene glycol
monomethyl ether, ethylene glycol diethyl ether, ethylene glycol monobutyl ether, ethylene
glycol dibutyl ether, propylene glycol dimethyl ether and any combination thereof. In some
embodiments, the at least one second solvent is present in an amount ranging from 0 percent to
95 percent of the total weight of the activator system. In some embodiments, the at least one
second solvent is present in an amount ranging from 10 percent to 97 percent of the total weight
of the activator system. In some embodiments, the at least one second solvent is present in an

amount ranging from 10 percent to 80 percent of the total weight of the activator system. In some
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embodiments, the at least one second solvent is present in an amount ranging from 10 percent to
60 percent of the total weight of the activator system. In some embodiments, the at least one
second solvent is present in an amount ranging from 30 percent to 90 percent of the total weight
of the activator system. In some embodiments, the at least one second solvent is present in an
amount ranging from 15 percent to 90 percent of the total weight of the activator system. In
some embodiments, the at least one second solvent is present in an amount ranging from 50
percent to 95 percent of the total weight of the activator system. In some embodiments, the at
least one second solvent is present in an amount ranging from 0 percent to 10 percent of the total
weight of the activator system.

[000137] In some embodiments, the at least one second solvent is present at 0 percent of the
total weight of the activator system. In some embodiments, the at least one second solvent is
present at 20 percent of the total weight of the activator system. In some embodiments, the at
least one second solvent is present at 40 percent of the total weight of the activator system. In
some embodiments, the at least one second solvent is present at 60 percent of the total weight of
the activator system. In some embodiments, the at least one second solvent is present at 95
percent of the total weight of the activator system. In some embodiments, the at least one second
solvent is present at 97 percent of the total weight of the activator system.

[000138] Non-limiting Example 1

[000139] The experiments in Table I indicate that the ratio of the solvents, in this case
tricthylcitrate (TEC) or tributyl citrate (TBC) and an auxiliary solvent comprising either
diethylene glycol diethyl ether (DEGDE) or methyl 2-hydroxybutyrate (MHB), used may be

adjusted based, at least in part, on the desired operating temperature. The viscosities were
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measured using a Brookfield viscometer and the temperature of the solution recorded digitally

during the experiment.

Table 1
Activator | TEC | TBC | DEDGE | MH 50% aq. | Sodium Temp | Viscosity
Formula | (g) (2) (2) B (g) | Hydrogen | Salicylate | (°C) (cP)
Peroxide | (g)
(2)
199.5 250 50 0.5 -31 210
A
199.5 250 50 0.5 -64 123,300
149.5 300 50 0.5 -31 654
B
149.5 300 50 0.5 -60 127,300
149.5 300 50 0.5 -31 180
C
149.5 300 50 0.5 -63 21,320

[000140] Non-limiting Example 2

[000141] The light output for a variety of activators at low temperatures was measured by
reacting the different formulations with an oxalate made from 14% bis(2,4,5-trichloro-6-
carbopentoxyphenyl)oxalate (CPPO) and 0.3% rubrene in a solvent comprised of 50% bis(2-
methylethyl) malonate and 50% butyl benzoate. The activator solution (1.0 g each) and oxalate
solution (0.8 g with 0.1 g of sodium thiosulfate) were sealed in glass ampoules. The sealed
ampoules were cooled to -86 degrees C in a freezer for a minimum of 2 hours. At that point, 2
oxalate and four activator ampoules were placed in the in an ampoule crushing device with a
light meter for each test. The tests were conducted measuring the light output with an ILT 1700

light meter. The readings were started within one minute or less after removal from the freezer.
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The results are shown in Figure 2. Figure 2 represents the chemical light output of activator
formulas B & C at -86 degrees C.

[000142] In some embodiments, the instant invention provides a chemiluminescent system,
including: an activator system, including: (a) at least one first solvent, where the at least one first
solvent is selected from the group consisting of: trialkyl citrates, dialkyl phthalates, glycols,
glycol ethers, and a combination thereof, (b) at least one peroxide, (c) at least one catalyst, (d) at
least one second solvent, where the at least one second solvent is selected from the group
consisting of: tert-butanol, 3-methyl-3-pentanol, 2-methyl-2-butanol, ethyl 2-hydroxyisobutyrate,
methyl 2-hydroxyisobutyrate, ethylene glycol, propylene glycol, ethylene glycol monomethyl
cther, ethylene glycol diethyl ether, ethylene glycol monobutyl ether, ethylene glycol dibutyl
ether, propylene glycol dimethyl ether, and a combination thereof, where the at least one first
solvent is present in a first amount ranging from 15 and 95 percent by weight based on a total
weight of the activator system; where the at least one second solvent is present in a second
amount ranging from 5 and 85 percent by weight based on the total weight of the activator
system; and where a combination of the at least one first solvent and the at least one second
solvent is present in a sufficient amount in the chemiluminescent system so as to result in the
chemiluminescent system, at a temperature ranging from -110 degrees Celsius to 75 degrees
Celsius, producing a light having an illuminescence between 0.1 1x and 35,000 Ix.

[000143] In some embodiments, the at least one peroxide is present in an amount ranging
from 0.25 to 25 percent by weight based on the total weight of the chemiluminescent system.
[000144] In some embodiments, the at least one peroxide is selected from the group

consisting of: hydrogen peroxide, sodium peroxide, sodium perborate, sodium pyrophosphate
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peroxide, urea peroxide, histidine peroxide, t-butylhydroperoxide, peroxynehzoic acid, and
sodium percarbonate.

[000145] In some embodiments, the at least one catalyst is present in a fourth amount
ranging from 5 to 0.0005 percent by weight based on the total weight of the chemiluminescent
System.

[000146] In some embodiments, the chemiluminescent system of claim 1, the at least one
catalyst is selected from the group consisting of: dimethylbenzylamine, N,N-dimethyl-1-
phenylethylamine, N-ethyl-N-methylbenzylamine, diethylbenzylamine, N-methyl-N-
propylbenzylamine, N,N-dibutylbenzylamine, = N,N-bis(1-methylethyl)benzenemethanamine,
methyl dibenzylamine, ethyl dibenzylamine, n-propyl dibenzylamine, iso-propyl dibenzylamine,
butyl dibenzylamine, iso-butyl dibenzylamine, N,N-dibenzyl-2-phenylethanamine, hexyl
dibenzylamine, tribenzyl amine, 4-methyl-N,N-bis[(4-
methylphenyl)methyl]benzenemethanamine, 4-methyl-N,N-
bis(phenylmethyl)benzenemethanamine, N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-
phenylbenzenemethanamine, N,4-dimethyl-N-phenylbenzenemethanamine, N-propyl-N-
phenylbenzenemethanamine, N, N-diphenylbenzenemethanamine, N,N-bis(4-
methylphenyl)benzenemethanamine, lithium benzoate, sodium benzoate, potassium benzoate,
cesium benzoate, lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and cesium p-anisate.

[000147] In some embodiments, the instant invention provides chemiluminescent system,
providing: an activator system, including: (a) a solvent, (b) at least one peroxide, (c) at least one

catalyst, where the solvent is present in an amount ranging from 5 and 85 percent by weight
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based on a total weight of the activator system, and where the solvent is configured to be present
in a liquidus state at a temperature between -110 degrees Celsius to 75 degrees Celsius.

[000148] Low Temperature Oxalate Systems and Methods for Chemiluminescent Reactions

[000149] "Activation" and variations thereof, as used herein, means that the oxalate system
of the present invention and an activator system containing peroxide and at least one catalyst
have been sufficiently combined such as by mixing to provide useable light useable light in a
short period such as less than a minute at low temperatures such as down -110 degrees C. In
some embodiments, the oxalate system of the present disclosure produces useable light at low
temperatures when activated.

[000150] In some embodiments, the present invention relates to an oxalate system for a
chemiluminescent reaction for production of useable light in a short period such as less than a
minute at low temperatures down to -110 degrees C. In some embodiments, the oxalate system
can be used in military and non-military training, emergency, and situations where potential
ignition sources are hazardous when combined with a suitable activator system.

[000151] Tracers are employed that allow an observer to visually trace a projectile’s
trajectory, such as after the firing of munitions in training or combat situations. Winter and high
altitude conditions can greatly diminish the effectiveness of current chemiluminescent markers.
[000152] In some embodiments, the present invention is an oxalate system that includes
least one oxalate ester, at least one dye, at least one first solvent, and at least one inorganic salt,
wherein, when the oxalate system is combined with an activator system to form a
chemiluminescent system, the chemiluminescent system is configured to produces light to a

temperature of -110 degrees C.
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[000153] In some embodiments, the at least one oxalate ester is selected from the group
consisting of bis(2,4,5-trichloro-6-carbopentoxyphenyl)oxalate; bis(2,4,5-
trichlorophenyl)oxalate; bis(2,4,5-tribromo-6-carbohexoxyphenyl)oxalate; bis(2,4,5-trichloro-6-
carboisopentoxyphenyl)oxalate; bis(2,4,5-trichloro-6-carbobenzoxyphenyl)oxalate; bis(2-
nitrophenyl)oxalate;  bis(2,4-dinitrophenyl)oxalate;  bis(2,6-dichloro-4-nitrophenyl)oxalate;
bis(2,4,6-trichlorophenyl)oxalate; bis(3-trifluoromethyl-4-nitrophenyl)oxalate; bis(2-methyl-4,6-
dinitrophenyl)oxalate; bis(1,2-dimethyl-4,6-dinitrophenyl)oxalate; bis(2,4-
dichlorophenyl)oxalate;  bis(2,4-dinitrophenyl)oxalate;  bis(2,5-dinitrophenyl)oxalate;  bis(2-
formyl-4-nitrophenyl)oxalate; bis(pentachlorophenyl)oxalate; bis(1,2-dihydro-2-oxo-1-
pyridyl)glyoxal; bis(2,4-dinitro-6-methylphenyl)oxalate; and bis-N-phthalimidyl oxalate.
[000154] In some embodiments, the at least one oxalate ester is selected from the group of
oxalate esters represented by the general formula ()

[000155] (D)

R\O:jl g Cl
é "

[000156]

[000157] wherein R=CH,A, and A is chosen from alkyl chains, alkyl rings, and aromatic
rings or combinations thereof, and wherein R is linear or nonlinear, and comprises from 4-15

carbon atoms.
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[000158] In some embodiments, the at least one oxalate ester is selected from the group
consisting of bis{3,4,6-trichloro-2-[(2-methylpropoxy)carbonyl|phenyl } oxalate; bis{3,4,6-
trichloro-2-[(cyclopropylmethoxy)carbonyl]phenyl}oxalate; bis {3,4,6-trichloro-2-[(2-
methylbutoxy)carbonyl|phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
methylbutoxy)carbonyl|phenyl }oxalate; bis {3,4,6-trichloro-2-[(2,2-
dimethylpropoxy)carbonyl]phenyl }oxalate; bis{3,4,6-trichloro-2-[(2-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(4-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3,3-
dimethylbutoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2-[(2-
ethylbutoxy)carbonyl|phenyl}oxalate; bis{3,4,6-trichloro-2-
[(cyclopentylmethoxy)carbonyl|phenyl}oxalate; bis{3,4,6-trichloro-2-[(2-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(4-
methylhexyloxy)carbonyl|phenyl}oxalate; bis {3,4,6-trichloro-2-[(5-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-
[(cyclohexylmethoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2-
[(phenylmethoxy)carbonyl]phenyl } oxalate; bis{3,4,6-trichloro-2-[(2-
phenylethoxy)carbonyl]phenyl}oxalate; bis(3,4,6-trichloro-2-{ [ (2-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(4-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2,3-

dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2,4-
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dimethylphenyl)methoxy ]Jcarbonyl}phenyl)oxalate; bis(3,4,6-trichloro-2-{[3,4-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3,5-
dimethylphenyl)methoxy ]carbonyl }phenyl)oxalate; bis(3 ,4, 6-trichloro-2-{[(2,6-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2-
ethylphenyl)methoxy]carbonyl)phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3-
ethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(4-cthylphenyl)methoxy]
carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-(2-

methylphenyl)ethoxy]carbonyl} phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-(3-
methylphenyl)ethoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-( 4-
methylphenyl)ethoxy]carbonyl} phenyl)oxalate; bis{3,4,6-trichloro-2-[(2-
phenylpropoxy)carbonyl]phenyl} oxalate; bis(3,4,6-trichloro-2-[(3-
phenylpropoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2[1-
naphthalenylmethoxy)carbonyl|phenyl } oxalate; bis{3,4,6-trichloro-2-[2-
naphthalenylmethoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2-[(2,2-
diphenylethoxy)carbonyl|phenyl} oxalate; bis{3,4,6-trichloro-2-[(9-
fluorenylmethoxy)carbonyl|phenyl } oxalate; and bis{3,4,6-trichloro-2-[(9-
anthracenylmethoxy)carbonyl]phenyl } oxalate.

[000159] In some embodiments, the at least one oxalate ester is present in an amount
ranging from 3 percent to 60 percent by weight, based on the total weight of the oxalate system.
[000160] In some embodiments, the at least one first solvent is selected from the group
consisting of alkyl benzoates, dialkyl malonates, dialkyl dialkylmalonates, dialkyl

arylalkylmalonates, dialkyl succinates, dialkyl glutarates, dialkyl adipates, dialkyl pimelates,
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dialkyl polyalkylmalonates, acetyl trialkyl citrates, 2-acetyloxy isobutyrates, paraffinic liquids,
isoparaffinic liquids, toluene, an nitroethane.

[000161] In some embodiments, the at least one dye is a fluorescer selected from the group
consisting of 1-methoxy-9,10-bis(phenylethynyl)anthracene, perylene, rubrene, 16,17-
didecycloxyviolanthrone, 2-ethyl-9,10-bis(phenylethynyl)anthracene; 2-chloro-9,10-bis(  4-
ethoxyphenyl)anthracene;2-chloro-9,10-bis(4-methoxyphenyl)anthracene; 9,10-
bis(phenylethynyl)anthracene; 1-chloro-9,10-bis(phenylethynyl)anthracene; 1,8-dichloro-9,10-
bis(phenylethynyl)anthracene; 1,5-dichloro-9,10-bis(phenylethynyl)anthracene; 2,3-dichloro-
9,10-bis (phenylethynyl)anthracene; 5,12-bis(phenylethynyl)tetracene, 9,10-diphenylanthracene;
1,6,7,12-tetraphenoxy-N,N'  -bis(2,6-diisopropylpheny 1)-3,4,9,10-perylene  dicarboximide;
1,6,7,12-tetraphenoxy-N,N'bis(2,5-di-t-butylphenyl)-3,4,9,10-perylene  dicarboximide;  1,7-
dichloro-6,12-diphenoxy-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra(p-bromophenoxy)-N,N' -bis(2,6-diisopropylphenyl)-3 4,9,10-perylene
dicarboximide; 1,6,7,12-tetraphenoxy-N,N'dineopentyl-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra-(p-t-butylphenoxy)-N,N'-dineopentyl-3,4,9,10-perylenedicarboximide;  1,6,7,12-
tetra(o-chlorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra(p-chlorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene
dicarboximide;  1,6,7,12-tetra(  o-fluorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-
perylene dicarboximide; 1,6,7,12-tetra(p-fluorophenoxy)-N,N' -bis(2,6-diisopropylphenyl)-3
,4,9,10-perylenedicarboximide; 1,6,7,12-tetraphenoxy-N,N'-diethyl-3,4,9,10-perylene
dicarboximide; 1,7-dibromo-6,12-diphenoxy-N,N'-bis(2-isopropylphenyl)-3,4,9,10-perylene
dicarboximide; 16,17-dihexyloxyviolanthrone; and 1,4-dimethyl-9,10-

bis(phenylethynyl)anthracene.
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[000162] In some embodiments, the at least one dye is a fluorescer present in an amount
ranging from 0.05 percent to 0.9 percent by weight, based on the total weight of the oxalate
System.

[000163] In some embodiments, the at least one inorganic salt is selected from the group
consisting of sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper acetate, lead
acetate, cupric chloride, ferric chloride, calcium iodide, potassium iodide, and silver nitrate.
[000164] In some embodiments, the at least one inorganic salt is present in an amount
ranging from 0.1 percent to 30 percent by weight, based on the total weight of the oxalate
System.

[000165] In some embodiments, the activator system may include at least one peroxide that
may include, but is not limited to, hydrogen peroxide; sodium peroxide; sodium perborate;
sodium pyrophosphate peroxide; urea peroxide; histidine peroxide; t-butylhydroperoxide;
peroxybenzoic acid, and sodium percarbonate; at least one catalyst that may include, but is not
limited to, alkali benzoates, alkali salicylates, alkali anisates, tertiary amines, or nitrogenous
heterocyclic aliphatic and aromatic compounds; at least one bridging solvent if necessary to
ensure solubility of the peroxide in the activator composition that may include, but is not limited
to tertiary alcohols, glycols and their mono or di ethers, esters of 2-hydroxyisobutyrates; and low
melting point solvents that may include, but are not limited to, trialkyl citrates, dialkyl
phthalates, glycols, and glycol ethers or any combination thereof.

[000166] In some embodiments, the ratio of the weight of the oxalate system to the weight
of the activator system ranges from 1:9 to 4:1. In some embodiments, the ratio of the weight of
the oxalate system to the weight of the activator system ranges from 1:5 to 2:1. In some

embodiments, the ratio of the weight of the oxalate system to the weight of the activator system
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ranges from 1:1 to 3:1. In some embodiments, the ratio of the weight of the oxalate system to
the weight of the activator system ranges from 1:3 to 3:1. In some embodiments, the ratio of the
weight of the oxalate system to the weight of the activator system ranges from 1:2 to 2:1. In
some embodiments, the ratio of the weight of the oxalate system to the weight of the activator
system ranges from 2:1 to 4:1. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system ranges from 1:6 to 2:1. In some embodiments, the
ratio of the weight of the oxalate system to the weight of the activator system ranges from 1:1 to
4:1.

[000167] In some embodiments, the ratio of the weight of the oxalate system to the weight
of the activator system is 1:9. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system is 1:2. In some embodiments, the ratio of the weight
of the oxalate system to the weight of the activator system is 2:1. In some embodiments, the
ratio of the weight of the oxalate system to the weight of the activator system is 3:1. In some
embodiments, the ratio of the weight of the oxalate system to the weight of the activator system
is 1:8. In some embodiments, the ratio of the weight of the oxalate system to the weight of the
activator system is 4:1. In some embodiments, the ratio of the weight of the oxalate system to the
weight of the activator system is 8:2. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system is 1:5. In some embodiments, the ratio of the weight
of the oxalate system to the weight of the activator system is 1:3.

[000168] In some embodiments, the system of the present invention, when activated, is
configured to produce useable light in a temperature range of -110°C to 75°C. In some
embodiments, the system of the present invention, when activated, is configured to produce

useable light in a temperature range of -80°C to 50°C. In some embodiments, the system of the
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present invention, when activated, is configured to produce useable light in a temperature range
of -110°C to 50°C. In some embodiments, the system of the present invention, when activated, is
configured to produce useable light in a temperature range of -80°C to 75°C. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light in a temperature range of -30°C to 30°C. In some embodiments, the system of the
present invention, when activated, is configured to produce useable light in a temperature range
of -100°C to 0°C. In some embodiments, the system of the present invention, when activated, is
configured to produce useable light in a temperature range of -20°C to 75°C. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light in a temperature down to -110°C. In some embodiments, the system of the present
invention, when activated, is configured to produce useable light in a temperature range of -60°C
to 20°C. In some embodiments, the system of the present invention, when activated, is
configured to produce useable light in a temperature range of -110°C to -10°C.

[000169] In some embodiments, the system of the present invention, when activated, is
configured to produce useable light for a duration of 1 second to 3 minutes. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light for a duration of 10 second to 3 minutes. In some embodiments, the system of the
present invention, when activated, is configured to produce useable light for a duration of 1
second to 2 minutes. In some embodiments, the system of the present invention, when activated,
is configured to produce useable light for a duration of 30 second to 1 minute. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light for a duration of 20 second to 2 minute. In some embodiments, the system of the

present invention, when activated, is configured to produce useable light for a duration of 2

63



WO 2014/194332 PCT/US2014/040573

minutes to 3 minute. In some embodiments, the system of the present invention, when activated,
is configured to produce useable light for a duration of 1 minute to 2 minutes.

[000170] In some embodiments, the system of the present invention, when activated, is
configured to produce useable light for a duration of 10 seconds. In some embodiments, the
system of the present invention, when activated, is configured to produce usecable light for a
duration of 1 minute. In some embodiments, the system of the present invention, when
activated, is configured to produce useable light for a duration of 30 seconds. In some
embodiments, the system of the present invention, when activated, is configured to produce
useable light for a duration of 2 minutes. In some embodiments, the system of the present
invention, when activated, is configured to produce useable light for a duration of 15 seconds. In
some embodiments, the system of the present invention, when activated, is configured to produce
useable light for a duration of 1.5 minute. In some embodiments, the system of the present
invention, when activated, is configured to produce useable light for a duration of 45 seconds.
[000171] In some embodiments, the oxalate system is comprised of at least one oxalate
ester, at least one dye or fluorescer, at least one inorganic salt, and at least one solvent that may
include a sufficiently low melting point and compatibility with the chemical reactions needed to
produce chemiluminescence.

[000172] In some embodiments, the at least one oxalate ester useful in the present
disclosure include but are not limited to bis(2,4,5-trichloro-6-carbopentoxyphenyl)oxalate
(CPPO); bis(2,4,5-trichlorophenyl)oxalate;  bis(2,4,5-tribromo-6-carbohexoxyphenyl)oxalate;
bis(2,4,5-trichloro-6-carboisopentoxyphenyl)oxalate; bis(2,4,5-trichloro-6-carbobenzoxyphenyl)
oxalate; bis(2-nitrophenyl)oxalate; bis(2,4-dinitrophenyl)oxalate; bis(2,6-dichloro-4-

nitrophenyl)oxalate; bis(2,4,6-trichlorophenyl)oxalate; bis(3-trifluoromethyl-4-
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nitrophenyl)oxalate; bis(2-methyl-4,6-dinitrophenyl)oxalate; bis(1,2-dimethyl-4, 6-
dinitrophenyl)oxalate; bis(2,4-dichlorophenyl)oxalate; bis(2,4-dinitrophenyl)oxalate; bis(2,5-
dinitrophenyl)oxalate;  bis(2-formyl-4-nitrophenyl)oxalate;  bis(pentachlorophenyl)-oxalate;

bis(1,2-dihydro-2-oxo-1-pyridyl)glyoxal; bis(2,4-dinitro-6-methylphenyl)oxalate; bis-N-

phthalimidyl oxalate.
[000173] In some embodiments, the at least one oxalate ester is represented by the general
formula (1),
R o} (1)
S a
o o o cl
¢l o

O \?

[000174] wherein R=CH,A and A is chosen from alkyl chains, alkyl rings, and aromatic
rings or combinations thercof, such that R is linear or nonlinear, and further such that R

comprises from 4-15 carbons, as well as mixtures of any of the foregoing oxalates.

[000175] In some embodiments, the at least one oxalate ester is from a group that includes
but is not limited to: bis{3,4,6-trichloro-2-[(2-methylpropoxy)carbonyl]phenyl }oxalate;
bis{3,4,6-trichloro-2-[(cyclopropylmethoxy)carbonyl|phenyl } oxalate; bis{3,4,6-trichloro-2-[(2-
methylbutoxy)carbonyl|phenyl}oxalate; bis{3,4,6-trichloro-2-[(3-
methylbutoxy)carbonyl|phenyl }oxalate; bis {3,4,6-trichloro-2-[(2,2-
dimethylpropoxy)carbonyl]phenyl }oxalate; bis{3,4,6-trichloro-2-[(2-

methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
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methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-tri chloro-2-[(4-
methylpentyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3,3-
dimethylbutoxy)carbonyl]phenyl }oxalate; bis {3,4,6-trichloro-2-[(2-
ethylbutoxy)carbonyl]phenyl }oxalate; bis{3,4,6-trichloro-2-
[(cyclopentylmethoxy)carbonyl]phenyl }oxalate; bis{3,4,6-trichloro-2-[(2-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(3-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(4-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-[(5-
methylhexyloxy)carbonyl]phenyl } oxalate; bis {3,4,6-trichloro-2-
[(cyclohexylmethoxy)carbonyl|phenyl }oxalate; bis{3,4 6-trichloro-2-
[(phenylmethoxy)carbonyl]phenyl } oxalate; bis{3,4,6-trichloro-2-[(2-
phenylethoxy)carbonyl]phenyl}oxalate; bis(3,4, 6-trichloro-2-{[(2-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(4-
methylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2,3-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2,4-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3 ,4,6-trichloro-2-{[3,4-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(3,5-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{ [ (2,6-
dimethylphenyl)methoxy] carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[(2-
ethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6- trichloro-2-{[(3-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate; bis(3,4,6-trichloro-2-{[(4-

ethylphenyl)methoxy]carbonyl } phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-(2-
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methylphenyl)ethoxy]carbonyl} phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-(3-
methylphenyl)ethoxy]carbonyl} phenyl)oxalate; bis(3,4,6-trichloro-2-{[2-(4-
methylphenyl)ethoxy]carbonyl} phenyl)oxalate; bis{3,4,6-trichloro-2-[(2-
phenylpropoxy)carbonyl]phenyl } oxalate; bis{3,4,6-trichloro-2-[ (3-
phenylpropoxy)carbonyl]phenyl } oxalate; bis{3,4,6-trichloro-2-[1-
naphthalenylmethoxy)carbonyl|phenyl } oxalate; bis{3,4,6-trichloro-2-[2-
naphthalenylmethoxy)carbonyl|phenyl }oxalate; bis{3,4,6-trichloro-2-[(2,2-
diphenylethoxy)carbonyl|phenyl} oxalate; bis{3,4,6-trichloro-2-[(9-
fluorenylmethoxy)carbonyl]phenyl } oxalate; and/or bis {3,4,6-trichloro-2-[(9-
anthracenylmethoxy)carbonyl]phenyl } oxalate.

[000176] Additional examples of oxalate esters represented by general formula (1) are
disclosed in U.S. Published Application No. 2011-0084243, the disclosure of such oxalate esters
being incorporated herein by reference.

[000177] In some embodiments, the at least one oxalate ester is present in an amount
ranging from 3 percent to 60 percent by weight, based upon the total weight of the oxalate
system. In some embodiments, the at least one oxalate ester is present in an amount ranging
from 8 percent to 50 percent by weight, based upon the total weight of the oxalate system. In
some embodiments, the at least one oxalate ester is present in an amount ranging from 15 percent
to 60 percent by weight, based upon the total weight of the oxalate system. In some
embodiments, the at least one oxalate ester is present in an amount ranging from 10 percent to 40
percent by weight, based upon the total weight of the oxalate system. In some embodiments, the
at least one oxalate ester is present in an amount ranging from 3 percent to 30 percent by weight,

based upon the total weight of the oxalate system. In some embodiments, the at least one oxalate
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ester is present in an amount ranging from 5 percent to 30 percent by weight, based upon the
total weight of the oxalate system.

[000178] In some embodiments, the at least one oxalate ester is present in an amount
ranging from 20 percent to 60 percent by weight, based upon the total weight of the oxalate
system. In some embodiments, the at least one oxalate ester is present in an amount ranging
from 40 percent to 60 percent by weight, based upon the total weight of the oxalate system. In
some embodiments, the at least one oxalate ester is present in an amount ranging from 3 percent
to 20 percent by weight, based upon the total weight of the oxalate system.

[000179] In some embodiments, the at least one oxalate ester is present at 3 percent by
weight, based upon the total weight of the oxalate system. In some embodiments, the at least one
oxalate ester is present at 60 percent by weight, based upon the total weight of the oxalate
system. In some embodiments, the at least one oxalate ester is present at more than 3 percent by
weight, based upon the total weight of the oxalate system.

[000180] In some embodiments, the at least one oxalate ester is present at the weight
percents and the weight percent ranges detailed above, based on the combined weight of the
activator system and oxalate system.

[000181] In some embodiments, the at least one solvent may include, but is not limited to,
alkyl benzoates, dialkyl malonates, dialkyl dialkylmalonates, dialkyl arylalkylmalonates, dialkyl
succinates, dialkyl glutarates, dialkyl adipates, dialkyl pimelates, dialkyl polyalkylmalonates,
acetyl trialkyl citrates, 2-acetyloxy isobutyrates, paraffinic liquids, isoparaffinic liquids, toluene,
nitroethane, or a mixture of any of the above.

[000182] In some embodiments, the at least one first solvent is present in an amount

ranging from 10 percent to 97 percent of the total weight of the oxalate system. In some
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embodiments, the at least one first solvent is present in an amount ranging from 20 percent to 80
percent of the total weight of the oxalate system. In some embodiments, the at least one first
solvent is present in an amount ranging from 10 percent to 75 percent of the total weight of the
oxalate system. In some embodiments, the at least one first solvent is present in an amount
ranging from 30 percent to 80 percent of the total weight of the oxalate system. In some
embodiments, the at least one first solvent is present in an amount ranging from 15 percent to 50
percent of the total weight of the oxalate system. In some embodiments, the at least one first
solvent is present in an amount ranging from 50 percent to 97 percent of the total weight of the
oxalate system. In some embodiments, the at least one first solvent is present in an amount
ranging from 70 percent to 97 percent of the total weight of the oxalate system.

[000183] In some embodiments, the at least one first solvent is present at 10 percent of the
total weight of the oxalate system. In some embodiments, the at least one first solvent is present
at 40 percent of the total weight of the oxalate system. In some embodiments, the at least one
first solvent is present at 60 percent of the total weight of the oxalate system. In some
embodiments, the at least one first solvent is present at 75 percent of the total weight of the
oxalate system. In some embodiments, the at least one first solvent is present at 97 percent of the
total weight of the oxalate system.

[000184] In some embodiments, the at least one second solvent is present in an amount
ranging from 10 percent to 97 percent of the total weight of the oxalate system. In some
embodiments, the at least one second solvent is present in an amount ranging from 20 percent to
80 percent of the total weight of the oxalate system. In some embodiments, the at least one
second solvent is present in an amount ranging from 10 percent to 75 percent of the total weight

of the oxalate system. In some embodiments, the at least one second solvent is present in an
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amount ranging from 30 percent to 80 percent of the total weight of the oxalate system. In some
embodiments, the at least one second solvent is present in an amount ranging from 15 percent to
50 percent of the total weight of the oxalate system. In some embodiments, the at least one
second solvent is present in an amount ranging from 50 percent to 97 percent of the total weight
of the oxalate system. In some embodiments, the at least one second solvent is present in an
amount ranging from 70 percent to 97 percent of the total weight of the oxalate system.

[000185] In some embodiments, the at least one second solvent is present at 10 percent of
the total weight of the oxalate system. In some embodiments, the at least one second solvent is
present at 40 percent of the total weight of the oxalate system. In some embodiments, the at least
one second solvent is present at 60 percent of the total weight of the oxalate system. In some
embodiments, the at least one second solvent is present at 75 percent of the total weight of the
oxalate system. In some embodiments, the at least one second solvent is present at 97 percent of
the total weight of the oxalate system.

[000186] In some embodiments, the wavelength of light emitted is dependent upon the
desired application of the device and the fluorescer chosen, and may include wavelengths in both
the visual and infrared spectrum. In some embodiments, multiple fluorescers may be combined
to allow for the emission of light at multiple wavelengths.

[000187] In some embodiments, the at least one fluorescer useful in the present disclosure
include  1-methoxy-9,10-bis(phenylethynyl)anthracene,  perylene,  rubrene, 16,17 -
didecycloxyviolanthrone,  2-ethyl-9,10-bis(phenylethynyl)anthracene;  2-chloro-9,10-bis(4-
ethoxyphenyl)anthracene; 2-chloro-9,10-bis( 4methoxyphenyl)anthracene; 9,10-
bis(phenylethynyl)anthracene;  1-chloro-9,10-bis(phenylethynyl)anthracene;1,8-dichloro-9,10-

bis(phenylethynyl)anthracene; 1,5-dichloro-9,10-bis(phenylethynyl)anthracene; 2,3-dichloro-
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9,10-bis(phenylethynyl)anthracene; 5,12-bis(phenylethynyl)tetracene; 9,10-diphenylanthracene;
1,6, 7,12-tetraphenoxy-N,N' -bis(2,6-diisopropylphenyl)-3,4,9,10-perylene  dicarboximide;
1,6,7,12-tetraphenoxy-N,N'-bis(2,5-di-t-butylphenyl)-3,4,9,10-perylene  dicarboximide; 1,7-di
chloro-6,12-diphenoxy-N,N'-bis(2,6-diisopropylpheny1)-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra(pbromophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene
dicarboximide; 1,6,7,12-tetraphenoxy-N,N'-dineopentyl-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra (p-t-butylphenoxy)-N,N'-dincopentyl-3,4,9,10-perylenedicarboximide; 1 ,6,7,12-
tetra(o-chlorophenoxy  )-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene  dicarboximide;
1,6,7,12-tetra(p-chlorophenoxy  )-N,N' -bis(2,6-diisopropy  Iphenyl)-3,4,9,10-perylene
dicarboximide; 1,6,7,12-tetra(o-fluorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-
perylene dicarboximide; 1, 6,7,12-tetra(p-fluorophenoxy )-N,N' -bis(2,6-diisopropylphenyl)-
3,4.9,10-perylenedicarboximide; 1,6,7,12-tetraphenoxy-N,N'-diethyl-3,4,9,10-perylene
dicarboximide; 1,7-dibromo-6,12-diphenoxy)-N,N'-bis(2-isopropylphenyl)-3,4,9,10-perylene
dicarboximide; 16,17-dihexyloxyviolanthrone; 1,4-dimethyl-9,10-bis(phenylethynyl)anthracene,
and/or mixtures thereof.

[000188] In some embodiments, the at least one fluorescer is present in an amount ranging
from 0.05 percent to 0.9 percent by weight, based on the total weight of the oxalate system. In
some embodiments, the at least one fluorescer is present in an amount ranging from 0.1 percent
to 0.8 percent by weight, based on the total weight of the oxalate system. In some embodiments,
the at least one fluorescer is present in an amount ranging from 0.15 percent to 0.9 percent by
weight, based on the total weight of the oxalate system. In some embodiments, the at least one
fluorescer is present in an amount ranging from 0.05 percent to 0.5 percent by weight, based on

the total weight of the oxalate system. In some embodiments, the at least one fluorescer is
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present in an amount ranging from 0.2 percent to 0.7 percent by weight, based on the total weight
of the oxalate system. In some embodiments, the at least one fluorescer is present in an amount
ranging from 0.05 percent to 0.1 percent by weight, based on the total weight of the oxalate
system. In some embodiments, the at least one fluorescer is present in an amount ranging from
0.05 percent to 0.3 percent by weight, based on the total weight of the oxalate system.

[000189] In some embodiments, the at least one fluorescer is present at 0.05 percent by
weight, based on the total weight of the oxalate system. In some embodiments, the at least one
fluorescer is present at 0.2 percent by weight, based on the total weight of the oxalate system. In
some embodiments, the at least one fluorescer is present at 0.5 percent by weight, based on the
total weight of the oxalate system. In some embodiments, the at least one fluorescer is present at
0.9 percent by weight, based on the total weight of the oxalate system.

[000190] In some embodiments, the at least one fluorescer is present at the weight percents
and the weight percent ranges detailed above, based on the combined weight of the activator
system and oxalate system.

[000191] In some embodiments, the ratio of solvents may be derived from the viscosity of
the oxalate system at various temperatures and may also depend, at least in part, on the final use.
[000192] In some embodiments, the at least one inorganic salt may include, but is not
limited to, sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper acetate, lead
acetate, cupric chloride, ferric chloride, calcium iodide, potassium iodide, and/or silver nitrate.
[000193] In some embodiments, the at least one inorganic salt is present in an amount
ranging from 0.1 percent to 30 percent by weight, based on the total weight of the oxalate
system. In some embodiments, the at least one inorganic salt is present in an amount ranging

from 0.5 percent to 25 percent by weight, based on the total weight of the oxalate system. In

72



WO 2014/194332 PCT/US2014/040573

some embodiments, the at least one inorganic salt is present in an amount ranging from 5 percent
to 20 percent by weight, based on the total weight of the oxalate system. In some embodiments,
the at least one inorganic salt is present in an amount ranging from 10 percent to 15 percent by
weight, based on the total weight of the oxalate system. In some embodiments, the at least one
inorganic salt is present in an amount ranging from 1 percent to 20 percent by weight, based on
the total weight of the oxalate system. In some embodiments, the at least one inorganic salt is
present in an amount ranging from 0.1 percent to 10 percent by weight, based on the total weight
of the oxalate system. In some embodiments, the at least one inorganic salt is present in an
amount ranging from 0.1 percent to 5 percent by weight, based on the total weight of the oxalate
System.

[000194] In some embodiments, the at least one inorganic salt is present at 0.1 percent by
weight, based on the total weight of the oxalate system. In some embodiments, the at least one
inorganic salt is present at 30 percent by weight, based on the total weight of the oxalate system.
In some embodiments, the at least one inorganic salt is present at 20 percent by weight, based on
the total weight of the oxalate system. In some embodiments, the at least one inorganic salt is
present at 15 percent by weight, based on the total weight of the oxalate system. In some
embodiments, the at least one inorganic salt is present at 1 percent by weight, based on the total
weight of the oxalate system. In some embodiments, the at least one inorganic salt is present at 2
percent by weight, based on the total weight of the oxalate system. In some embodiments, the at
least one inorganic salt is present at 5 percent by weight, based on the total weight of the oxalate

System.
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[000195] In some embodiments, the at least one inorganic salt is present at the weight
percents and the weight percent ranges detailed above, based on the combined weight of the
activator system and oxalate system.

[000196] Non-limiting Example 1

[000197] The experiments in Table I indicate that the ratio of the solvents, in this case butyl
benzoate and diethyl diethylmalonate, used may be adjusted based, at least in part, on the desired
operating temperature. The viscosities were measured using a Brookfield viscometer and the

temperature of the solution recorded digitally during the experiment.
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[000198] Table 1

[Viscosity of butyl benzoate (BB) and diethyl diethylmalonate (DEDEM) mixtures at different

temperatures]
% DEDEM by weight Temp. (°C) Viscosity (cP))
0 20 20
0 2 27
0 -37 Solid
10 20 21
10 2 28
10 -37 Solid
20 20 21
20 2 28
20 -37 Solid
30 20 21
30 2 28
30 -44 Solid
40 20 21
40 2 28
40 -44 178*

* Super cooled. Solid began to form by the end of the experiment.

[000199] Non-limiting Example 2
[000200] The experiments in Table II indicate that the ratio of the solvents, in this case

butyl benzoate and bis(2-cthylhexyl) adipate, used may require adjustment based, at least in part,
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on the desired operating temperature. The viscosities were measured using a Brookfield

viscometer and the temperature of the solution recorded digitally during the experiment.

[000201] Table 11
[000202] [Viscosity of butyl benzoate (BB) and bis(2-ethylhexyl) adipate (EHA) mixtures

at different temperatures|

% EHA by weight Temp. (°C) Viscosity (cP)
0 -40 Solid
40 -50 Solid
50 -50 Solid
60 -31 208
60 -64 121200
70 -64 30100

[000203] Non-limiting Example 3

[000204] Oxalate formula A was prepared by dissolving 23.5 g of bis(2,4,5-trichloro-6-
carbopentoxyphenyl)oxalate (CPPO) and 0.31 g of rubrene in 38.1 g of butyl benzoate (BB) and
38.1 g of diethyl diethylmalonate at 70 deg C with a constant stream of dry nitrogen bubbling
through the solution. The activator solution was prepared by combining 23 g of triethyl citrate,
20 g of diethylene glycol diethyl ether, 6 g of 50% aqueous hydrogen peroxide, and 1 g of
sodium salicylate. The tests were conducted measuring the light output with an ILT 1700 light
meter. First, the solutions were brought to the desired temperature (room temperature and 60
deg C). The reaction vessel was placed into the high speed mixer and 0.5 g of sodium thiosulfate

was added, then 5 mL of oxalate formula A was added and the mixer was turned on. The
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temperature was measured digitally at this time. The mixture at the colder temperature had
warmed to -51 deg C. As rapidly as possible, add 5 mL of the activator solution and record the
light output. The results are shown in Figure 3. These results demonstrate the production of
useable levels of light rapidly at low temperatures. FIG. 1 represents the chemical light output of

oxalate formula A at -51 degrees C.

[000205] Non-limiting Example 4

[000206] Oxalate formula B was prepared by dissolving 15 g of bis(2,4,5-trichloro-6-
carbopentoxyphenyl)oxalate (CPPO) and 0.2 g of rubrene in 25.4 g of butyl benzoate (BB) and
59.4 g of bis(2-ethylhexyl) adipate (EHA) at 700C with a constant stream of dry nitrogen
bubbling through the solution. The activator solution was prepared by combining 199.5 g of
triethyl citrate, 250 g of diethylene glycol diethyl ether, 50 g of 50% aqueous hydrogen peroxide,
and 0.5 g of sodium salicylate. The oxalate was sealed in glass ampoules under nitrogen so that
cach ampoule contained 0.8 g of oxalate solution and 0.15 g of sodium thiosulfate. The activator
solution was sealed in glass ampoules so ecach ampoule contained 2.0 g of activator solution.
The sealed ampoules were cooled to -860C in a freezer for a minimum of 2 hours. At that point
they were placed in the in an ampoule crushing device with a light meter. The readings were
started within one minute or less after removal from the freezer. The results are shown in Figure
4. FIG. 4 represents the chemical light output of oxalate formula B at -86 degrees C.

[000207] In some embodiments, the instant invention provides a chemiluminescent system,
including: an oxalate system, including: (a) at least one oxalate ester in an amount ranging from
3 to 60 percent by weight based on a total weight of the oxalate system, (b) at least one first
solvent selected from the group consisting of: alkyl benzoates, dialkyl phthalates, trialkyl

acetylcitrates, 2-acetyloxy isobutyrates, paraffinic liquids, isoparaffinic liquids, toluene,
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nitroethane, and a combination thercof; where the at least one first solvent is present in an
amount ranging from 10 to 97 percent by weight based on the total weight of the oxalate system,
(c) at least one second solvent is selected from the group consisting of: dialkyl malonates, dialkyl
dialkylmalonates, dialkyl arylalkylmalonates, dialkyl succinates, dialkyl glutarates, dialkyl
adipates, dialkyl pimelates, dialkyl polyalkylmalonates, and a combination thereof; where the at
least one second solvent is present in an amount ranging from 10 to 97 percent by weight based
on the total weight of the oxalate system, (d) at least one fluorescer, and (¢) at least one inorganic
salt in an amount ranging from 0.1 to 30 percent by weight based on the total weight of the
oxalate system,where a viscosity of the chemiluminescent system does not exceed 130,000 cP;
and where a combination of the at least one first solvent and the at least one second solvent is
present in a sufficient amount in the chemiluminescent system so as to result the
chemiluminescent system, at a temperature ranging from -110 degrees Celsius to -10 degrees
Celsius, producing a light having an illuminescence between 0.1 Ix and 35,000 Ix.

[000208] In some embodiments, the at least one oxalate ester is represented by formula (I):
R O
\I) Cl
Cl (o] [e] Cl
Cl (; O Cl
Cl O
0 N

where R=CH»A, and A is selected from the group consisting of an alkyl chain, alkyl ring, an
aromatic ring, and a combination thercof, where R is linear or branched, and where R is from

C4-15.
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[000209]

consisting of:

trichloro-2-[(cyclopropylmethoxy)carbonyl]phenyl } oxalate,

methylbutoxy)carbonyl]phenyl}oxalate,
methylbutoxy)carbonyl]phenyl }oxalate,
dimethylpropoxy)carbonyl|phenyl}oxalate,
methylpentyloxy)carbonyl]phenyl}oxalate,
methylpentyloxy)carbonyl]phenyl}oxalate,
methylpentyloxy)carbonyl]phenyl}oxalate,
dimethylbutoxy)carbonyl]phenyl}oxalate,
ethylbutoxy)carbonyl]phenyl } oxalate,
[(cyclopentylmethoxy)carbonyl|phenyl} oxalate,
methylhexyloxy)carbonyl]phenyl } oxalate,
methylhexyloxy)carbonyl]phenyl } oxalate,
methylhexyloxy)carbonyl]phenyl } oxalate,
methylhexyloxy)carbonyl]phenyl } oxalate,
[(cyclohexylmethoxy)carbonyl]phenyl}oxalate,
[(phenylmethoxy)carbonyl]phenyl}oxalate,
phenylethoxy)carbonyl]phenyl } oxalate,
methylphenyl)methoxy]carbonyl } phenyl)oxalate,
methylphenyl)methoxy]carbonyl } phenyl)oxalate,

methylphenyl)methoxy]carbonyl } phenyl)oxalate,

dimethylphenyl)methoxy]carbonyl } phenyl)oxalate,
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In some embodiments, the at least one oxalate ester is selected from the group

bis {3,4,6-trichloro-2-[(2-methylpropoxy)carbonyl|phenyl}oxalate, bis{3,4,6-

bis{3,4,6-trichloro-2-[(2-
bis {3,4,6-trichloro-2-[(3-
bis{3,4,6-trichloro-2-[(2,2-
bis {3,4,6-trichloro-2-[(2-
bis {3,4,6-trichloro-2-[(3-
bis{3,4,6-tri chloro-2-[(4-
bis{3,4,6-trichloro-2-[(3,3-
bis{3,4,6-trichloro-2-[(2-
bis {3,4,6-trichloro-2-

bis {3,4,6-trichloro-2-[(2-
bis {3,4,6-trichloro-2-[(3-
bis {3,4,6-trichloro-2-[(4-
bis {3,4,6-trichloro-2-[(5-
bis {3,4,6-trichloro-2-
bis{3,4 6-trichloro-2-
bis {3,4,6-trichloro-2-[(2-
bis(3.4, 6-trichloro-2-{[(2-
bis(3,4,6-trichloro-2-{[(3-
bis(3,4,6-trichloro-2-{[(4-
bis(3,4,6-trichloro-2-{[(2,3-

bis(3,4,6-trichloro-2-{[(2,4-
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dimethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3 ,4,6-trichloro-2-{[3,4-
dimethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[(3,5-

dimethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{ [ (2,6-

dimethylphenyl)methoxy] carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(2-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6- trichloro-2-{[(3-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[(4-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(2-
methylphenyl)ethoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(3-
methylphenyl)ethoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(4-
methylphenyl)ethoxy]carbonyl } phenyl)oxalate, bis{3,4,6-trichloro-2-[(2-
phenylpropoxy)carbonyl]phenyl}oxalate, bis{3,4,6-trichloro-2-[ (3-
phenylpropoxy)carbonyl]phenyl } oxalate, bis{3.,4,6-trichloro-2-[1-
naphthalenylmethoxy)carbonyl]phenyl}oxalate, bis{3,4,6-trichloro-2-[2-
naphthalenylmethoxy)carbonyl]phenyl}oxalate, bis{3,4,6-trichloro-2-[(2,2-
diphenylethoxy)carbonyl]phenyl } oxalate, bis {3,4,6-trichloro-2-[(9-
fluorenylmethoxy)carbonyl]phenyl} oxalate, and bis {3,4,6-trichloro-2-[(9-

anthracenylmethoxy)carbonyl]phenyl } oxalate.

[000210] In some embodiments, the at least one fluorescer is selected from the group
consisting of: I-methoxy-9,10-bis(phenylethynyl)anthracene, perylene, rubrene, 16,17-
didecycloxyviolanthrone, 2-ethyl-9,10-bis(phenylethynyl)anthracene; 2-chloro-9,10-bis(  4-
ethoxyphenyl)anthracene, 2-chloro-9,10-bis(4-methoxyphenyl)anthracene, 9,10-
bis(phenylethynyl)anthracene, 1-chloro-9,10-bis(phenylethynyl)anthracene, 1,8-dichloro-9,10-

bis(phenylethynyl)anthracene, 1,5-dichloro-9,10-bis(phenylethynyl)anthracene, 2,3-dichloro-
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9,10-bis (phenylethynyl)anthracene, 5,12-bis(phenylethynyl)tetracene, 9,10-diphenylanthracene,
1,6,7,12-tetraphenoxy-N,N'  -bis(2,6-diisopropylpheny1)-3,4,9,10-perylene  dicarboximide,
1,6,7,12-tetraphenoxy-N,N'bis(2,5-di-t-butylphenyl)-3,4,9,10-perylene  dicarboximide, 1,7-
dichloro-6,12-diphenoxy-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene dicarboximide,
1,6,7,12-tetra(p-bromophenoxy)-N,N' -bis(2,6-diisopropylphenyl)-3 ,4.,9,10-perylene
dicarboximide, 1,6,7,12-tetraphenoxy-N,N'dineopentyl-3,4,9,10-perylene dicarboximide,
1,6,7,12-tetra-(p-t-butylphenoxy)-N,N'-dineopentyl-3,4,9,10-perylenedicarboximide,  1,6,7,12-
tetra(o-chlorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene dicarboximide;
1,6,7,12-tetra(p-chlorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-perylene
dicarboximide, 1,6,7,12-tetra(o-fluorophenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3,4,9,10-
perylene dicarboximide, 1,6,7,12-tetra(p-fluorophenoxy)-N,N' -bis(2,6-diisopropylphenyl)-3
,4,9,10-perylenedicarboximide, 1,6,7,12-tetraphenoxy-N,N'-diethyl-3,4,9,10-perylene
dicarboximide, 1,7-dibromo-6,12-diphenoxy-N,N'-bis(2-isopropylphenyl)-3,4,9,10-perylene
dicarboximide, 16,17-dihexyloxyviolanthrone, and 1,4-dimethyl-9,10-
bis(phenylethynyl)anthracene.

[000211] In some embodiments, the at least one inorganic salt is selected from the group
consisting of: sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper acetate, lead
acetate, cupric chloride, ferric chloride, calcium iodide, potassium iodide, and silver nitrate.
[000212] In some embodiments, the at least one fluorescer is present in an amount ranging
from 0.05 to 0.9 percent by weight based on the total weight of the oxalate system.

[000213] Mixed Catalyst Systems and Methods for Chemiluminescent Reactions

[000214] In some embodiments, the term "activation" and variations thercof, as used

herein, means that the oxalate system (e.g., containing at least one suitable oxalate ester with at
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least one dye in a suitable solvent with or without other components known to one skilled in the
art) and the activator system of the present invention have been sufficiently combined such as by
mixing to provide useable light.

[000215] In some embodiments, the present invention relates to a mixed catalyst system for
an oxalate ester chemiluminescent system. In some embodiments, the combination of two
catalysts in a chemiluminescent system would be expected to yield an average of each catalyst’s
performance profile.

[000216] In some embodiments, the present invention relates to a chemiluminescent system
that includes an activator system and an oxalate system, where the activator system includes at
least two different catalysts, where a first catalyst includes a benzyl amine and a second catalyst
includes a salicylate or benzoate derivative, and where the activator system includes a first
solvent, a peroxide, and a second solvent.

[000217] In some embodiments, the benzyl amine is selected from the group consisting of
dialkylbenzyl amines including, but not restricted to, dimethylbenzylamine, N,N-dimethyl-1-
phenylethylamine, N-ethyl-N-methylbenzylamine, diethylbenzylamine, N-methyl-N-
propylbenzylamine, N,N-dibutylbenzylamine, and N,N-bis(1-methylethyl)benzenemethanamine.

[000218] In some embodiments, the benzyl amine is present in a concentration ranging
from 10 percent to 0.001 percent of the total weight of the combined activator system and
oxalate system.

[000219] In some embodiments, the benzyl amine is selected from the group consisting of
alkyldibenzyl amines including, but not restricted to, methyl dibenzylamine, ethyl
dibenzylamine, n-propyl dibenzylamine, iso-propyl dibenzylamine, butyl dibenzylamine, iso-

butyl dibenzylamine, N,N-dibenzyl-2-phenylethanamine, and hexyl dibenzylamine.
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[000220] In some embodiments, the benzyl amine is present in a concentration ranging
from 10 percent to 0.001 percent of the total weight of the combined activator system and

oxalate system.

[000221] In some embodiments, the benzyl amine selected from the group consisting of
tribenzyl amines; tribenzyl amine, 4-methyl-N,N-bis[(4-
methylphenyl)methyl]benzenemethanamine, and 4-methyl-N,N-

bis(phenylmethyl)benzenemethanamine.

[000222] In some embodiments, the benzyl amine is present in a concentration ranging
from 10 percent to 0.001 percent of the total weight of the combined activator system and
oxalate system.

[000223] In some embodiments, the benzyl amine is selected from the group consisting of
alkylarylbenzyl amines, N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-
phenylbenzenemethanamine, N,4-dimethyl-N-phenylbenzenemethanamine, and N-propyl-N-
phenylbenzenemethanamine.

[000224] In some embodiments, the benzyl amine is present in a concentration ranging
from 10 percent to 0.001 percent of the total weight of the combined activator system and
oxalate system.

[000225] In some embodiments, the benzyl amine is selected from the group consisting of
diarylbenzyl amines; N, N-diphenylbenzenemethanamine, and N,N-bis(4-
methylphenyl)benzenemethanamine.

[000226] In some embodiments, the benzyl amine is present in a concentration ranging
from 10 percent to 0.001 percent of the total weight of the combined activator system and

oxalate system.
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[000227] In some embodiments, the benzoate derivative is selected from the group
consisting of lithium benzoate, sodium benzoate, potassium benzoate, and cesium benzoate.
[000228] In some embodiments, the benzoate derivative is present in a concentration
ranging from 5 percent to 0.0005 percent of the total weight of the combined activator system
and oxalate system.

[000229] In some embodiments, the salicylate derivative is selected from the group
consisting of lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and cesium p-anisate.

[000230] In some embodiments, the catalysts are dissolved in a first solvent selected from
the group consisting of trialkyl citrates, dialkyl phthalates, glycols, and glycol ethers.

[000231] In some embodiments, the at least one peroxide is selected from the group
consisting of hydrogen peroxide, sodium peroxide, lithitum peroxide, sodium perborate, sodium
pyrophosphate  peroxide, urea peroxide, histidine peroxide, t-butyl-hydroperoxide,
peroxybenzoic acid, and sodium percarbonate.

[000232] In some embodiments, the at least one peroxide is present in a concentration
ranging from 1.5 percent to 12 percent of the total weight of the combined activator system and
oxalate system.

[000233] In some embodiment, the catalysts are dissolved in a second solvent configured to
allow sufficient mixing of the at least one peroxide, where the second solvent is selected from
the group consisting of tert-butanol, 3-methyl-3-pentanol, 2-methyl-2-butanol, ethyl 2-
hydroxyisobutyrate, alkyl 2-hydroxyisobutyrate, and methyl 2-hydroxyisobutyrate; glycols;

ethylene glycol and propylene glycol; and glycol ethers; ethylene glycol monomethyl ether,
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cthylene glycol diethyl ether, ethylene glycol monobutyl ether, ethylene glycol dibutyl ether, and
propylene glycol dimethyl ether.

[000234] In some embodiments, the first solvent is present in a concentration ranging from
0 percent to 90 percent of the total weight of the combined activator system and oxalate system.
In some embodiments, the first solvent is present in an amount ranging from 10 percent to 97
percent of the total weight of the combined activator system and oxalate system.

[000235] In some embodiments, the second solvent is present in a concentration ranging
from 0 percent to 90 percent of the total weight of the combined activator system and oxalate
system. In some embodiments, the second solvent is present in an amount ranging from 10
percent to 97 percent of the total weight of the combined activator system and oxalate system.
[000236] In some embodiments, the mixed catalyst activator system of the present
invention in configured to generate the useable light having output characteristics as described
herein.

[000237] In some embodiments, the system and method of the present invention may
include, but are not limited to, at least one activator system combined with at least one oxalate
system. Combining may include any suitable method of contacting one system with another
system such as by mixing or equivalent. In some embodiments, the oxalate system may include,
but is not limited to, an oxalate solution with at least one oxalate ester, at least one dye such as a
fluorescer, and at least one solvent. In some embodiments, the activator system may include, but
is not limited to, a catalytic system comprising at least two different catalysts, at least one first
part comprising a benzyl amine and at least one second part comprising a salicylate (or benzoate)

derivative; at least one solvent; a peroxide; and a bridging solvent, if necessary.
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[000238] In some embodiments, the ratio of the weight of the oxalate system to the weight
of the activator system ranges from 1:9 to 4:1. In some embodiments, the ratio of the weight of
the oxalate system to the weight of the activator system ranges from 1:5 to 2:1. In some
embodiments, the ratio of the weight of the oxalate system to the weight of the activator system
ranges from 1:1 to 3:1. In some embodiments, the ratio of the weight of the oxalate system to
the weight of the activator system ranges from 1:3 to 3:1. In some embodiments, the ratio of the
weight of the oxalate system to the weight of the activator system ranges from 1:2 to 2:1. In
some embodiments, the ratio of the weight of the oxalate system to the weight of the activator
system ranges from 2:1 to 4:1. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system ranges from 1:6 to 2:1. In some embodiments, the
ratio of the weight of the oxalate system to the weight of the activator system ranges from 1:1 to
4:1.

[000239] In some embodiments, the ratio of the weight of the oxalate system to the weight
of the activator system is 1:2. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system is 2:1. In some embodiments, the ratio of the weight
of the oxalate system to the weight of the activator system is 3:1. In some embodiments, the
ratio of the weight of the oxalate system to the weight of the activator system is 1:8. In some
embodiments, the ratio of the weight of the oxalate system to the weight of the activator system
is 1:9. In some embodiments, the ratio of the weight of the oxalate system to the weight of the
activator system is 4:1. In some embodiments, the ratio of the weight of the oxalate system to the
weight of the activator system is 8:2. In some embodiments, the ratio of the weight of the oxalate
system to the weight of the activator system is 1:5. In some embodiments, the ratio of the weight

of the oxalate system to the weight of the activator system is 1:3.
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[000240] In some embodiments, the benzyl amine may include, but is not limited to,
dialkylbenzyl amines including, but not restricted to, dimethylbenzylamine, N,N-dimethyl-1-
phenylethylamine, N-ethyl-N-methylbenzylamine, diethylbenzylamine, N-methyl-N-
propylbenzylamine, N,N-dibutylbenzylamine, and/or N,N-bis(1-
methylethyl)benzenemethanamine; alkyldibenzyl amines including, but not restricted to, methyl
dibenzylamine, ethyl dibenzylamine, n-propyl dibenzylamine, iso-propyl dibenzylamine, butyl
dibenzylamine, iso-butyl dibenzylamine, N,N-dibenzyl-2-phenylethanamine, and/or hexyl
dibenzylamine; and/or tribenzyl amines including, but not restricted to tribenzyl amine, 4-
methyl-N,N-bis[(4-methylphenyl)methyl]benzenemethanamine, and 4-methyl-N,N-
bis(phenylmethyl)benzenemethanamine; alkylarylbenzyl amines including, but not restricted to,
N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-phenylbenzenemethanamine, N,4-
dimethyl-N-phenylbenzenemethanamine, and/or N-propyl-N-phenylbenzenemethanamine;
[000241] In some embodiments, the benzyl amine is present in a concentration ranging
from 10 percent to 0.001 percent by weight, based on the total weight of the combined activator
system and oxalate system. In some embodiments, the benzyl amine is present in a
concentration ranging from 5 percent to 0.001 percent by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the benzyl amine is
present in a concentration ranging from 1 percent to 0.001 percent by weight, based on the total
weight of the combined activator system and oxalate system.

[000242] In some embodiments, the benzyl amine is present in a concentration ranging
from 5 percent to 0.1 percent by weight, based on the total weight of the combined activator
system and oxalate system. In some embodiments, the benzyl amine is present in a

concentration ranging from 2 percent to 1 percent by weight, based on the total weight of the

87



WO 2014/194332 PCT/US2014/040573

combined activator system and oxalate system. In some embodiments, the benzyl amine is
present in a concentration ranging from 10 percent to 3 percent by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the benzyl
amine is present in a concentration ranging from 5 percent to 1 percent by weight, based on the
total weight of the combined activator system and oxalate system. In some embodiments, the
benzyl amine is present in a concentration ranging from 7 percent to 2 percent by weight, based
on the total weight of the combined activator system and oxalate system.

[000243] In some embodiments, the benzyl amine is present at 10 percent by weight, based
on the total weight of the combined activator system and oxalate system. In some embodiments,
the benzyl amine is present at 7 percent by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the benzyl amine is present at 5
percent by weight, based on the total weight of the combined activator system and oxalate
system. In some embodiments, the benzyl amine is present at 2 percent by weight, based on the
total weight of the combined activator system and oxalate system. In some embodiments, the
benzyl amine is present at 1 percent by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the benzyl amine is present at 0.1
percent by weight, based on the total weight of the combined activator system and oxalate
system. In some embodiments, the benzyl amine is present at 0.001 percent by weight, based on
the total weight of the combined activator system and oxalate system.

[000244] In some embodiments, the benzyl amine is present at the weight percents and the

weight percent ranges detailed above, based on the weight of the activator system.
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[000245] In some embodiments, the benzoate derivative is chosen from a group including,
but not restricted to, lithtum benzoate, sodium benzoate, potassium benzoate, and cesium
benzoate.

[000246] In some embodiments, the benzoate derivative is present at a concentration
ranging from 5% to 0.0005% by weight, based on the total weight of the combined activator
system and oxalate system. In some embodiments, the benzoate derivative is present at a
concentration ranging from 2% to 0.1% by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the benzoate derivative is present at
a concentration ranging from 1% to 0.0005% by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the benzoate derivative is
present at a concentration ranging from 5% to 2% by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the benzoate derivative is
present at a concentration ranging from 0.7% to 0.0005% by weight, based on the total weight of
the combined activator system and oxalate system. In some embodiments, the benzoate
derivative is present at a concentration ranging from 0.5% to 0.05% by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the
benzoate derivative is present at a concentration ranging from 5% to 3% by weight, based on the
total weight of the combined activator system and oxalate system.

[000247] In some embodiments, the benzoate derivative is present at 5% by weight, based
on the total weight of the combined activator system and oxalate system. In some embodiments,
the benzoate derivative is present at 0.5% by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the benzoate derivative is present at

0.05% by weight, based on the total weight of the combined activator system and oxalate system.
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In some embodiments, the benzoate derivative is present at 0.005% by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the
benzoate derivative is present at 0.0005% by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the benzoate derivative is present at
2% by weight, based on the total weight of the combined activator system and oxalate system.
In some embodiments, the benzoate derivative is present at 3% by weight, based on the total
weight of the combined activator system and oxalate system.

[000248] In some embodiments, the benzoate derivative is present at the weight percents
and the weight percent ranges detailed above, based on the weight of the activator system.
[000249] In some embodiments, salicylate derivative is chosen from a group including, but
not restricted to, lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and/or cesium p-anisate.

[000250] In some embodiments, the salicylate derivative is present at a concentration
ranging from 5% to 0.0005% by weight, based on the total weight of the combined activator
system and oxalate system. In some embodiments, the salicylate derivative is present at a
concentration ranging from 2% to 0.1% by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the salicylate derivative is present at
a concentration ranging from 1% to 0.0005% by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the salicylate derivative
1S present at a concentration ranging from 5% to 2% by weight, based on the total weight of the
combined activator system and oxalate system. In some embodiments, the salicylate derivative

1S present at a concentration ranging from 0.7% to 0.0005% by weight, based on the total weight
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of the combined activator system and oxalate system. In some embodiments, the salicylate
derivative is present at a concentration ranging from 0.5% to 0.05% by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the
salicylate derivative is present at a concentration ranging from 5% to 3% by weight, based on the
total weight of the combined activator system and oxalate system.

[000251] In some embodiments, the salicylate derivative is present at 5% by weight, based
on the total weight of the combined activator system and oxalate system. In some embodiments,
the salicylate derivative is present at 0.5% by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the salicylate derivative is present at
0.05% by weight, based on the total weight of the combined activator system and oxalate system.
In some embodiments, the salicylate derivative is present at 0.005% by weight, based on the total
weight of the combined activator system and oxalate system. In some embodiments, the
salicylate derivative is present at 0.0005% by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the salicylate derivative is present at
2% by weight, based on the total weight of the combined activator system and oxalate system.
In some embodiments, the salicylate derivative is present at 3% by weight, based on the total
weight of the combined activator system and oxalate system.

[000252] In some embodiments, the salicylate derivative is present at the weight percents
and the weight percent ranges detailed above, based on the weight of the activator system.
[000253] In some embodiments, the at least one solvent for the activator system may
include, but is not limited to, trialkyl citrates, dialkyl phthalates, glycols, glycol ethers and any

combination thereof.
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[000254] In some embodiments, the at least one first solvent is present in an amount
ranging from 0 percent to 95 percent of the total weight of the activator system. In some
embodiments, the at least one first solvent is present in an amount ranging from 10 percent to 97
percent of the total weight of the activator system. In some embodiments, the at least one first
solvent is present in an amount ranging from 10 percent to 80 percent of the total weight of the
activator system. In some embodiments, the at least one first solvent is present in an amount
ranging from 10 percent to 60 percent of the total weight of the activator system. In some
embodiments, the at least one first solvent is present in an amount ranging from 30 percent to 90
percent of the total weight of the activator system. In some embodiments, the at least one first
solvent is present in an amount ranging from 15 percent to 90 percent of the total weight of the
activator system. In some embodiments, the at least one first solvent is present in an amount
ranging from 50 percent to 95 percent of the total weight of the activator system. In some
embodiments, the at least one first solvent is present in an amount ranging from 0 percent to 10
percent of the total weight of the activator system. In some embodiments, the at least one first
solvent is present in an amount ranging from 95 percent to 0 percent of the total weight of the
activator system.

[000255] In some embodiments, the at least one first solvent is present at 0 percent of the
total weight of the activator system. In some embodiments, the at least one first solvent is present
at 20 percent of the total weight of the activator system. In some embodiments, the at least one
first solvent is present at 40 percent of the total weight of the activator system. In some
embodiments, the at least one first solvent is present at 60 percent of the total weight of the
activator system. In some embodiments, the at least one first solvent is present at 95 percent of

the total weight of the activator system.
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[000256] In some embodiments, the at least one second solvent is present in an amount
ranging from 0 percent to 95 percent of the total weight of the activator system. In some
embodiments, the at least one second solvent is present in an amount ranging from 10 percent to
97 percent of the total weight of the activator system. In some embodiments, the at least one
second solvent is present in an amount ranging from 10 percent to 80 percent of the total weight
of the activator system. In some embodiments, the at least one second solvent is present in an
amount ranging from 10 percent to 60 percent of the total weight of the activator system. In
some embodiments, the at least one second solvent is present in an amount ranging from 30
percent to 90 percent of the total weight of the activator system. In some embodiments, the at
least one second solvent is present in an amount ranging from 15 percent to 90 percent of the
total weight of the activator system. In some embodiments, the at least one second solvent is
present in an amount ranging from 50 percent to 95 percent of the total weight of the activator
system. In some embodiments, the at least one second solvent is present in an amount ranging
from 0 percent to 10 percent of the total weight of the activator system. In some embodiments,
the at least one second solvent is present in an amount ranging from 95 percent to 0 percent of
the total weight of the activator system.

[000257] In some embodiments, the at least one second solvent is present at 0 percent of the
total weight of the activator system. In some embodiments, the at least one second solvent is
present at 20 percent of the total weight of the activator system. In some embodiments, the at
least one second solvent is present at 40 percent of the total weight of the activator system. In
some embodiments, the at least one second solvent is present at 60 percent of the total weight of
the activator system. In some embodiments, the at least one second solvent is present at 95

percent of the total weight of the activator system.
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[000258] In some embodiments, the at least one third solvent is present in an amount
ranging from 0 percent to 95 percent of the total weight of the activator system. In some
embodiments, the at least one third solvent is present in an amount ranging from 10 percent to 97
percent of the total weight of the activator system. In some embodiments, the at least one third
solvent is present in an amount ranging from 10 percent to 80 percent of the total weight of the
activator system. In some embodiments, the at least one third solvent is present in an amount
ranging from 10 percent to 60 percent of the total weight of the activator system. In some
embodiments, the at least one third solvent is present in an amount ranging from 30 percent to 90
percent of the total weight of the activator system. In some embodiments, the at least one third
solvent is present in an amount ranging from 15 percent to 90 percent of the total weight of the
activator system. In some embodiments, the at least one third solvent is present in an amount
ranging from 50 percent to 95 percent of the total weight of the activator system. In some
embodiments, the at least one third solvent is present in an amount ranging from 0 percent to 10
percent of the total weight of the activator system. In some embodiments, the at least one third
solvent is present in an amount ranging from 95 percent to 0 percent of the total weight of the
activator system.

[000259] In some embodiments, the at least one third solvent is present at 0 percent of the
total weight of the activator system. In some embodiments, the at least one third solvent is
present at 20 percent of the total weight of the activator system. In some embodiments, the at
least one third solvent is present at 40 percent of the total weight of the activator system. In some
embodiments, the at least one third solvent is present at 60 percent of the total weight of the
activator system. In some embodiments, the at least one third solvent is present at 95 percent of

the total weight of the activator system.
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[000260] In some embodiments, the peroxide may include, but is not limited to, hydrogen
peroxide, sodium peroxide, lithium peroxide, sodium perborate, sodium pyrophosphate peroxide,
urea peroxide, histidine peroxide, t-butyl-hydroperoxide, peroxybenzoic acid, and sodium
percarbonate or any combination thereof.

[000261] In some embodiments, the peroxide is present in an amount ranging from 1.5
percent to 25 percent by weight, based on the total weight of the combined activator system and
oxalate system. In some embodiments, the peroxide is present in an amount ranging from 5
percent to 25 percent by weight, based on the total weight of the combined activator system and
oxalate system. In some embodiments, the peroxide is present in an amount ranging from 2
percent to 20 percent by weight, based on the total weight of the combined activator system and
oxalate system. In some embodiments, the peroxide is present in an amount ranging from 10
percent to 15 percent by weight, based on the total weight of the combined activator system and
oxalate system. In some embodiments, the peroxide is present in an amount ranging from1.55
percent to 5 percent by weight, based on the total weight of the combined activator system and
oxalate system.

[000262] In some embodiments, the peroxide is present at 1.5 percent by weight, based on
the total weight of the combined activator system and oxalate system. In some embodiments, the
at least one peroxide is present at 3 percent by weight, based on the total weight of the combined
activator system and oxalate system. In some embodiments, the peroxide is present at 5 percent
by weight, based on the total weight of the combined activator system and oxalate system. In
some embodiments, the peroxide is present at 10 percent by weight, based on the total weight of
the combined activator system and oxalate system. In some embodiments, the peroxide is

present at 20 percent by weight, based on the total weight of the combined activator system and
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oxalate system. In some embodiments, the peroxide is present at 25 percent by weight, based on
the total weight of the combined activator system and oxalate system.

[000263] In some embodiments, the peroxide is present at the weight percents and the
weight percent ranges detailed above, based on the weight of the activator system.

[000264] In some embodiments, the bridging solvent may include, but is not limited to, tert-
butanol, 3-methyl-3-pentanol, 2-methyl-2-butanol, ethyl 2-hydroxyisobutyrate, alkyl 2-
hydroxyisobutyrate and methyl 2-hydroxyisobutyrate; glycols chosen from, but not restricted to
cthylene glycol and propylene glycol; and glycol ethers chosen from, but not restricted to
cthylene glycol monomethyl ether, ethylene glycol diethyl ether, ethylene glycol monobutyl
cther, ethylene glycol dibutyl ether, and propylene glycol dimethyl ether or any combination
thereof.

[000265] In some embodiments, the bridging solvent is present in an amount ranging from
0 percent to 95 percent of the total weight of the activator system. In some embodiments, the
bridging solvent is present in an amount ranging from 10 percent to 80 percent of the total
weight of the activator system. In some embodiments, the bridging solvent is present in an
amount ranging from 10 percent to 60 percent of the total weight of the activator system. In
some embodiments, the bridging solvent is present in an amount ranging from 30 percent to 90
percent of the total weight of the activator system. In some embodiments, the bridging solvent is
present in an amount ranging from 15 percent to 90 percent of the total weight of the activator
system. In some embodiments, the bridging solvent is present in an amount ranging from 50
percent to 95 percent of the total weight of the activator system. In some embodiments, the
bridging solvent is present in an amount ranging from 0 percent to 10 percent of the total weight

of the activator system.
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[000266] In some embodiments, the bridging solvent is present at 0 percent of the total
weight of the activator system. In some embodiments, the bridging solvent is present at 20
percent of the total weight of the activator system. In some embodiments, the bridging solvent is
present at 40 percent of the total weight of the activator system. In some embodiments, the
bridging solvent is present at 60 percent of the total weight of the activator system. In some
embodiments, the bridging solvent is present at 95 percent of the total weight of the activator
System.

[000267] Non-limiting examples

[000268] FIG. 5 represents the chemical light output at room temperature of a standard
oxalate ester system having a rubrene fluorescer (dye) and an activator system containing 0.2
percent of sodium salicylate in triethyl citrate (TEC) with 2.3 percent peroxide content using 50
percent aqueous hydrogen peroxide (A) and the chemical light output at room temperature of a
standard oxalate ester system with rubrene fluorescer (dye) and an activator system containing
0.2 percent of tribenzyl amine in triethyl citrate (TEC) with 2.3 percent peroxide content using
50 percent aqueous hydrogen peroxide (B).

[000269] FIG. 6 represents the chemical light output at room temperature of the average of
the two results in Figure 5 and the chemical light output of a standard oxalate ester system with
rubrene fluorescer (dye) and an activator system containing a 1:1 mixture of A and B shown in
Figure 5 such that the total amount of catalyst is unchanged.

[000270] FIG. 7 represents the chemical light output at room temperature of a standard
oxalate ester system with rubrene fluorescer (dye) and an activator system containing 0.1 percent
of sodium salicylate in triethyl citrate (TEC) with 2.3 percent peroxide content using 70 percent

aqueous hydrogen peroxide (C) and the chemical light output at room temperature of a standard
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oxalate system with rubrene fluorescer (dye) and an activator system containing 0.1 g of
tribenzyl amine in triethyl citrate (TEC) with 2.3 percent peroxide content using 70 percent
aqueous hydrogen peroxide (D).

[000271] FIG. 8 represents the chemical light output at room temperature of the average of
the two results in Figure 7 and the chemical light output of a standard oxalate ester system with
rubrene fluorescer (dye) and an activator system containing a 1:1 mixture of C and D shown in
Figure 7 such that the total amount of catalyst is unchanged. The tests were conducted
measuring the light output with an ILT 1700 light meter.

[000272] In some embodiments, the instant invention provides a chemiluminescent system,
including: an activator system, including: (a) at least one first catalyst including at least one
benzyl amine; (b) at least one second catalyst including at least one of: (i) a salicylate derivative,
and (i) a benzoate derivative; (c) at least one first solvent, and (d) at least one peroxide, where
the at least one first catalyst is present in an amount ranging from 1 to 99 percent by weight of a
combination of the at least one first catalyst and the at least one second catalyst; where the at
least one second catalyst is present in an amount ranging from 99 to 1 percent by weight of the
combination of the at least one first catalyst and the at least one second catalyst; where a total
concentration of the combination ranges from 0.002 to 25 percent by weight based on a total
weight of the activator system; and where the chemiluminescent system has at least one
chemiluminescent property.

[000273] In some embodiments, the instant invention further provides an oxalate system,
providing: (a) at least one oxalate ester, (b) at least one second solvent, (c) at least one fluorescer,
and (d) at least one inorganic salt, where a ratio of a weight of the oxalate system to a weight of

the activator system ranges from 1:9 to 4:1.
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[000274] In some embodiments, the at least one benzyl amine is selected from the group
consisting of: dialkylbenzyl amines, alkyldibenzyl amines, tribenzyl amines, alkylarylbenzyl
amines, and diarylbenzyl amines. In some embodiments, the amount of the at least one benzyl
amine ranges from 10 to 0.001 percent by weight based on the total weight of the
chemiluminescent system.

[000275] In some embodiments, the salicylate derivative is selected from the group
consisting of: lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,
sodium p-anisate, potassium p-anisate, and cesium p-anisate. In some embodiments, the amount
of the salicylate derivative ranges from 5 to 0.0005 percent by weight based on the total weight
of the chemiluminescent system.

[000276] In some embodiments, the benzoate derivative is selected from the group
consisting of: lithium benzoate, sodium benzoate, potassium benzoate, and cesium benzoate. In
some embodiments, the amount of the benzoate derivative ranges from 5 to 0.0005 percent by
weight based on the total weight of the chemiluminescent system.

[000277] In some embodiments, the at least one first solvent is selected from the group
consisting of: trialkyl citrates, dialkyl phthalates, glycols, glycol ethers, and a combination
thereof. In some embodiments, the amount of the at least one first solvent ranges from 15 to 90
percent by weight based on the total weight of the chemiluminescent system.

[000278] In some embodiments, the at least one peroxide is selected from the group
consisting of: hydrogen peroxide, sodium peroxide, lithium peroxide, sodium perborate, sodium
pyrophosphate  peroxide, urea peroxide, histidine peroxide, t-butyl-hydroperoxide,

peroxybenzoic acid, and sodium percarbonate. In some embodiments, the amount of the at least
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one peroxide ranges from 1.5 to 12 percent by weight based on the total weight of the
chemiluminescent system.

[000279] In some embodiments, the at least one second solvent (e.g., bridging solvent) is
selected from the group consisting of tert-butanol, 3-methyl-3-pentanol, 2-methyl-2-butanol,
ethyl 2-hydroxyisobutyrate, alkyl 2-hydroxyisobutyrate, methyl 2-hydroxyisobutyrate, ethylene
glycol, propylene glycol, ethylene glycol monomethyl cther, ethylene glycol diethyl ether,
cthylene glycol monobutyl ether, ethylene glycol dibutyl ether, and propylene glycol dimethyl
cther. In some embodiments, the amount of the at least one second solvent ranges from 15 to 90
percent by weight based on the total weight of the chemiluminescent system.

[000280] In some embodiments of the instant invention, the instant invention further
provides a third solvent, where the third solvent is selected from the group consisting of: tert-
butanol, 3-methyl-3-pentanol, 2-methyl-2-butanol, ethyl 2-hydroxyisobutyrate, methyl 2-
hydroxyisobutyrate, alkyl 2-hydroxyisobutyrate, ethylene glycol, propylene glycol, ethylene
glycol monomethyl ether, ethylene glycol diethyl ether, ethylene glycol monobutyl ether,
cthylene glycol dibutyl ether, propylene glycol dimethyl ether, and a combination thereof. In
some embodiments, the amount of the third solvent ranges from 15 to 90 percent by weight
based on the total weight of the chemiluminescent system.

[000281] In some embodiments, the instant invention provides a chemiluminescent system,
including: an activator system, including: (a) at least one first catalyst including at least one
benzyl amine; (b) at least one second catalyst including at least one of: (i) a salicylate derivative,
and (i1) a benzoate derivative; and where the chemiluminescent system is configured to exceed
an expected illuminescence produced when a combination of at least one first catalyst and at

least one second catalyst is utilized.
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[000282] While a number of embodiments of the present invention have been described, it
is understood that these embodiments are illustrative only, and not restrictive, and that many
modifications may become apparent to those of ordinary skill in the art. Further still, the various
steps may be carried out in any desired order (and any desired steps may be added and/or any

desired steps may be eliminated).
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CLAIMS
What is claimed is:
1. A chemiluminescent system, comprising:

an oxalate system, comprising:

(a) at least one oxalate ester in an amount ranging from 3 to 60 percent
by weight based on a total weight of the oxalate system,
(b) at least one first solvent selected from the group consisting of: alkyl
benzoates, dialkyl phthalates, trialkyl acetylcitrates, 2-acetyloxy
isobutyrates, paraffinic liquids, isoparaffinic liquids, toluene, nitroethane,
and a combination thereof,
wherein the at least one first solvent is present in an amount
ranging from 10 to 97 percent by weight based on the total weight
of the oxalate system;
(c) at least one second solvent selected from the group consisting

of: dialkyl malonates, dialkyl dialkylmalonates, dialkyl

arylalkylmalonates, dialkyl succinates, dialkyl glutarates, dialkyl adipates,

dialkyl pimelates, dialkyl polyalkylmalonates, and a combination thereof,
wherein the at least one second solvent is present in an amount
ranging from 5 to 85 percent by weight based on the total

weight of the oxalate system;

(d) at least one fluorescer, and

(e) at least one inorganic salt, in an amount ranging from 0.1 to 30 percent
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by weight based on the total weight of the oxalate system, and

an activator system, comprising:
(a) at least one peroxide,
(b) at least one third solvent selected from the group consisting of:
tert-butanol, 3-methyl-3-pentanol, 2- methyl-2-butanol, ethyl 2-
hydroxyisobutyrate, methyl 2- hydroxyisobutyrate, ethylene
glycol, propylene glycol, ethylene glycol monomethyl ether, ethylene
glycol diethyl ether, ethylene glycol monobutyl ether, ethylene glycol
dibutyl ether, and propylene glycol dimethyl ether, and a combination
thereof;
wherein the at least one third solvent is present in an amount
ranging from 5 to 85 percent by weight based on
the total weight of the activator system,
(c) at least one fourth solvent selected from the group consisting of:
trialkyl citrates, dialkyl phthalates, glycols, glycol ethers, and a
combination thereof;
wherein the at least one fourth solvent is present in an amount
ranging from 15 to 95 percent by weight based on a total weight of
the activator system, and
(d) at least one catalyst, and
wherein the chemiluminescent system, at a temperature ranging from -110 degrees Celsius to 75

degrees Celsius, is configured to produce a light having an illuminescence.
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2. The chemiluminescent system of claim 1, wherein the at least one oxalate ester is represented

by formula (I):
)
\3 Cl

wherein R=CH»A, and A 1is selected from the group consisting of an alkyl chain,
alkyl ring, an aromatic ring, and a combination thereof,
wherein R is linear or branched, and

wherein R is from Ca_s.

3. The chemiluminescent system of claim 1, wherein the at least one oxalate ester is selected
from the group consisting of: bis{3,4,6-trichloro-2-[(2-methylpropoxy)carbonylphenyl}oxalate,
bis{3,4,6-trichloro-2-[(cyclopropylmethoxy)carbonyl|phenyl } oxalate, bis{3,4,6-trichloro-2-[(2-
methylbutoxy)carbonyl|phenyl }oxalate, bis{3,4,6-trichloro-2-[(3-
methylbutoxy)carbonyl|phenyl }oxalate, bis{3,4,6-trichloro-2-[(2,2-
dimethylpropoxy)carbonyl]phenyl }oxalate, bis{3,4,6-trichloro-2-[(2-
methylpentyloxy)carbonyl]phenyl } oxalate, bis{3,4,6-trichloro-2-[(3-
methylpentyloxy)carbonyl]phenyl } oxalate, bis{3,4,6-tri chloro-2-[(4-

methylpentyloxy)carbonyl]phenyl } oxalate, bis{3,4,6-trichloro-2-[(3,3-
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dimethylbutoxy)carbonyl]phenyl }oxalate, bis{3,4,6-trichloro-2-[(2-
ethylbutoxy)carbonyl]phenyl }oxalate, bis{3,4,6-trichloro-2-
[(cyclopentylmethoxy)carbonyl]phenyl }oxalate, bis{3,4,6-trichloro-2-[(2-
methylhexyloxy)carbonyl]phenyl } oxalate, bis{3,4,6-trichloro-2-[(3-
methylhexyloxy)carbonyl]phenyl } oxalate, bis{3,4,6-trichloro-2-[(4-
methylhexyloxy)carbonyl]phenyl } oxalate, bis{3,4,6-trichloro-2-[(5-
methylhexyloxy)carbonyl]phenyl } oxalate, bis{3,4,6-trichloro-2-
[(cyclohexylmethoxy)carbonyl]phenyl }oxalate, bis{3,4 6-trichloro-2-
[(phenylmethoxy)carbonyl]phenyl } oxalate, bis {3,4,6-trichloro-2-[(2-
phenylethoxy)carbonyl]phenyl }oxalate, bis(3,4, 6-trichloro-2-{[(2-
methylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[(3-
methylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[(4-
methylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(2,3-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(2,4-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3 ,4,6-trichloro-2-{[3,4-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(3,5-
dimethylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{ [ (2,6-
dimethylphenyl)methoxy] carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[(2-
ethylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6- trichloro-2-{[(3-
ethylphenyl)methoxy]carbonyl} phenyl)oxalate, bis(3,4,6-trichloro-2-{[(4-
ethylphenyl)methoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(2-
methylphenyl)ethoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(3-

methylphenyl)ethoxy]carbonyl } phenyl)oxalate, bis(3,4,6-trichloro-2-{[2-(4-
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methylphenyl)ethoxy]carbonyl} phenyl)oxalate, bis{3,4,6-trichloro-2-[(2-
phenylpropoxy)carbonyl|phenyl} oxalate, bis{3,4,6-trichloro-2-[ (3-
phenylpropoxy)carbonyl|phenyl } oxalate, bis{3,4,6-trichloro-2-[1-
naphthalenylmethoxy)carbonyl|phenyl }oxalate, bis{3,4,6-trichloro-2-[2-
naphthalenylmethoxy)carbonyl|phenyl }oxalate, bis{3,4,6-trichloro-2-[(2,2-
diphenylethoxy)carbonyl|phenyl}oxalate, bis{3,4,6-trichloro-2-[(9-
fluorenylmethoxy)carbonyl]phenyl } oxalate, and bis{3,4,6-trichloro-2-[(9-

anthracenylmethoxy)carbonyl]phenyl } oxalate.

4. The chemiluminescent system of claim 1, wherein the at least one fluorescer is present in an
amount ranging from 0.05 to 0.9 percent by weight based on the total weight of the

chemiluminescent system.

5. The chemiluminescent system of claim 1, wherein the at least one inorganic salt is selected
from the group consisting of: sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper
acetate, lead acetate, cupric chloride, ferric chloride, calcium iodide, potassium iodide, silver

nitrate, and a combination thereof.

6. The chemiluminescent system of claim 1, wherein the at least one peroxide is selected from
the group consisting of: hydrogen peroxide, sodium peroxide, sodium perborate, sodium
pyrophosphate peroxide, urea peroxide, histidine peroxide, t-butylhydroperoxide, peroxynehzoic

acid, sodium percarbonate, and a combination thereof.
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7. The chemiluminescent system of claim 1, wherein the at least one peroxide is present in an
amount ranging from 0.25 to 25 percent by weight based on the total weight of the

chemiluminescent system.

8. The chemiluminescent system of claim 1, wherein the at least one catalyst is selected from the
group consisting of: dimethylbenzylamine, N,N-dimethyl-1-phenylethylamine, N-ethyl-N-
methylbenzylamine, diethylbenzylamine, N-methyl-N-propylbenzylamine, N,N-
dibutylbenzylamine, N,N-bis(1-methylethyl)benzenemethanamine, methyl dibenzylamine, ethyl
dibenzylamine, n-propyl dibenzylamine, iso-propyl dibenzylamine, butyl dibenzylamine, iso-
butyl dibenzylamine, N,N-dibenzyl-2-phenylethanamine, hexyl dibenzylamine, tribenzyl amine,
4-methyl-N,N-bis[(4-methylphenyl)methyl|benzenemethanamine, 4-methyl-N,N-
bis(phenylmethyl)benzenemethanamine, N-methyl-N-phenylbenzenemethanamine, N-ethyl-N-
phenylbenzenemethanamine, N,4-dimethyl-N-phenylbenzenemethanamine, N-propyl-N-
phenylbenzenemethanamine, N, N-diphenylbenzenemethanamine, N,N-bis(4-
methylphenyl)benzenemethanamine, lithium benzoate, sodium benzoate, potassium benzoate,
cesium benzoate, lithium salicylate, sodium salicylate, potassium salicylate, cesium salicylate,
lithium o-anisate, sodium o-anisate, potassium o-anisate, cesium o-anisate, lithium p-anisate,

sodium p-anisate, potassium p-anisate, and/or cesium p-anisate.

9. The chemiluminescent system of claim 1, wherein the at least one catalyst is present in an
amount ranging from 5 to 0.0005 percent by weight based on the total weight of the

chemiluminescent system.
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