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Description

" The production of chemiluminescent light by the raacﬁon of a catalyzed hydrogen peroxide solution
with a fluorescer solution is well known in the art. Blue, greenandyellowcheuﬂlummscentligmhasbeen
produced depending upon the particular fluorescer employed in the fluorescer solution. Examples of
these prior art chemiluminescent light-systems can be found in one or more of the following U.S. patents;

Nos. 3749679; 3391068; 3391069; 3974368; 3557233; 3597362; 3775336; 3888786.
One ofmeproblamsanendammobluedlemilummeseemlnghtdevicesorsyslemsofmopdoranls

'matmehghtoutputismtashlghasonewouldprefer Furﬂlemom.shadeofﬂxebluecoloremiuedls

not as satisfactory as consumers desire.
Accordingly, if a blue chemiluminescent system could be developed which exhibms a high light output
upon activation and which oxh:bmaamora purebluecoloralong felt neadwouldbesatlsﬁed

SUMMARY OF THE INVENTION

Blue chemiluminescent compositions have now been developed which, when activated in the presence
of hydrogen peroxide and a solvent exhibit, a pure blue color of high light cutput. Addiﬁonaliy in the
msemdamhnodye.mewmmsmgmbuawhmIightwhlehlswhlwmanexmbihd previ-
ous white light systems.

The present invention is directed to compositions which are intended to be reacted or activated by hy-
drogen peroxide in the presence of an organic solvent which composition comprises a substituted carbal-
hoxyphenyl oxalate and 910—bis(4-mﬂ10xyphenyl)—2-chloroanﬁmcene each in sufficent quantity to re-
sult in visible chemiluminescent light.

Theabdnyofhecanmsimasofﬁismwﬂhwenﬂmwexhibnawmuuemumnpmbussy&
tems and at a higher light output is attributable to the fluorescer, i.e. the 9,10-bis(4-methoxyphenyl)-2-
chioroanthracene. This fluorescer is a known compound, however, it has never been used in conjunc-
tion with chemiluminescent oxalates, activators and solvents etc., to provide blue chemiluminescent light,
uuebe:,rftgigah?brumichisdimwnmactﬁavelndwenﬁlumlnesoentsystemslnbompurecolorandmghin-
tensity of |

Tmconmonemdmwmmmdphasesystemsmmnkmminmemmus 4313843.

those disclosed in U.S. Patent Nos. 3749679 and 3816316, maybeusedheminvdﬁ\bls(zﬁb-tid\lom-&
carbopentoxyphenyl) oxalate being preferred. The oxalate and the 8,10-bis(4-methoxyphenyi)-2-chior:
wﬂmwmowhusethMbmuﬂhﬁdﬁedwnﬂulimubmm
to utilize the oxalate and chloroanthracene in a molar ratio in the composition of from about 20-40 to 1, re-
spectively, preferably from about 28-35 to 1.

The 9,10-bis(4-methoxyphenyi)-2-chloroanthracene is employed in the composition of the present in-
vention in the range of from 0.005 to 0.0150 mole per liter of oxalate solution (i.e. the soivent solution of
the oxalate and chioroanthracene), preferably from 0.002 to 0.008 same basis.

Useful catalysts inciude those disclosed in U.S. Patent No. 3775338, lnmaeoncemraﬁonsdisdmd
therein. A preferred catalyst is sodium salicylate.

mommmeemnmmimmmmmanmdwmmmm
enced U.S. patents. Preferred are esters, aromatic hydrocarbons and chiorinated hydrocarbons. Most
preferred are dialkyl phthalates wherein the alkyl group contains 1-12 carbon atoms, inclusive. Dibutyl
phthalate is exemplary.

As mentioned above, mecomposmnsdmepresemimenhma!sopossessmabimwoemmmm
fight in the presence of a perylene dye. The soluble perylene dye when added to the chemiluminescent
composition containing the 9,10-bis(4- 2-chloroanthracene results in a white light instead
of a blue light, the white fight being a whiter white than previously obtained using other blue fluorescers.
The amount of soluble perylene dye employed in the compositions of the present invention can range be-
tween 0.5 X 103 10 7.0 X 1093, bewelght.basedonmetotalweightofmeoxalatesoluﬁon,preferablyz.o
X10-31t05.0 X 10-3%. .

Anyperylenedyewmdiissolwlainmesolventsoluﬁonusedwproduoemeoompositionofme
present invention may be used therein. Suitable perylene dyes inciude N,N’-bis(2,5-di-t-butyiphenyl)-
3,4,9,10-perylenedicarboximide. This rad fluorescent dye has the structural formula:

=

Blue systems in the past have utilized 9,10-diphenyl anthracene as the fluorescer. Oxalat:s, such as -
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wherein each R is a t-butyl radical. . . i

The novel compositions of the present invention are preferably prepared by.mel:ely blending the
oxalate and the 9,10-bis(4-methoxyphenyl)-2-chioroanthracene in suitable quantities in the solvent of -
choice. Blue chemiluminescence is then achieved when the oxalate-fluorescer composition is mixed with a
suitable activator composition containing hydrogen peroxides as is known in the art.

The novel comipositions of the present invention containing the perylene dye may be prepared by any
of three different methods. First a concentrate of the perylene dye in the fluorescer-oxalate system
may be made and an aliquot of this solution added to the fluorescer-oxalate solution to obtain the desired
mole ratio of perylene dye to fluorescer. Second, the reguired amount of perylene dye may be dissolved
in the fluorescer-oxalate to obtain ab initio the desired ratio of perylene dye to fluorescer. Third, the re-
quired amount of perylene dye may be dissolved in the solvent and the final composition made by adding
fluorescer and oxalate as required. : .

Chemiluminescence devices can be easily prepared utilizing known device components by adding the
compositions of the present invention to e.g. a polyethylene tube. A sealed vial containing the solvent
solution of catalyst and hydrogen peroxide is then placed in the oxalate solution in the tube which is then
sealed. Chemiluminescence occurs when the tube is bent, the vial is broken and the mixture is shaken, by
activation of the instant composition by the catalyst solution. .

As explained above, the compositions of the present invention enable the production of non-pyroforic
blue or white chemiluminescent light of high intensity and truer color.

The compositions of the present invention are useful where white light is required or desired, such as
dark areas to read road maps, signs and directions, where no electrical power exists or where white or
blue light is used, i.e., for assthetic effects, such as-in novelty devices and dispiays. They are useful
under water, as fishing lures, signals, and in scuba diving and the fike.

The following examples are set forth for purposes of illustration only and are not to be construed as
limitations on the present invention except as set forth in the appended claims. All parts and percentages
are by weight unless otherwise specified.

EXAMPLE 1

A) To a suitable vessel are added 91.274 parts of dibutyl phthalate which is heated to 150°C and
purged with nitrogen gas. 8.6 Parts of bis(2,4,5-trichloro-8-carbopentoxyphenyl) oxalate are then add-
ed, with stirring, until the oxalate is dissolved. To the resultant solution is then added 0.165 part of 9,10-
bis(4-methoxyphenyl)-2-chlorcanthracene. The resultant solution is called Solution A.

B) To a second vessel are added 81.45 parts of dimethyiphthalate and 13.32 parts of t-buty! alcohol.
To this mixture are added 5.23 parts of 90% hydrogen peroxide and 0.0091 part of sodium salicylate. The
resultant solution is called Solution B.

To three parts by volume of Solution A is added 1 part by volume of Solution B. The result is the gener-
ation of a blue chemiluminescent light.

EXAMPLE 2 (comparative)

The procedure of Example 1 is again followed except that the 9,10-bis (4-methoxypheny)-2-chioroan-
thracene is replaced by an equivalent amount of 9,10-diphenylanthracene. Again a biue chemilumines-
cent fight is obtained upon mixing the resultant solution with Solution B.

The amount of light output (LOP) for the systems produced in Examples 1 and 2 is measured in a lumi-
nometer over a period of 8 hours. The results are as follows in Table .
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| TABLE T .
Total LOP-Lumens per liter
Example 1 B 28,790
Example 2 25,334

lteanthareforebeseenﬂ;anhe use ofthecomposmon of the present invention results in 13.6% high-
er light output over the same period of ime as compared to the systems of the prior art.

EXAMPLE 3

The procedure of Example 1 is again followed excapt that 0.003% of N,N’-bis(2,5-di-tert butyiphenyl)--
3,4,9,10-perylene dicarboximide is incorporated into Solution A. Upon mixing the resultant solution with
Solution B, white light results, said white light being of a wiiiter color than when the fluorescer is 9,10-
diphenylanthracene. . :

EXAMPLES 4-6

Substitution of the following oxalates, for that of Solution A in Example 1, again results in a blue chemi-
luminescent light of high intensity: 4) bis(6-carboxy-2,4,5- trichlorophenyl)oxalate; 5) bis(4-carb-
oxy,2,6,-dichlorophenyl) oxalate; and 6) bis(2,3-dicarboxy-4,5,6-trichlorophenyl) oxalate.

EXAMPLE 7

The procedure of Example 1 lsagalniollowadexoeptmmecahlystofSoluboannMummte
Similar results are achieved.

Claims

1. A composition adapted to be reacted with hydrogen peroxide to provide chemiluminescent light, said

roanthracene, the amounts of said ingredients being such as to provide visible light.

2. A composition according to Claim 1, including in addition thereto, an activator.

3. A composition according to Claim 1 comprising, in addition thereto, a solvent for said oxalate and
said chloroanthracene.
nyl; Ammmmmmm1mmmmuwz4ﬁmmmmmm

oxalate.

5. A composition according to Claim 3 wherein said solvent is dibutyl phthalate.

6. A composition according to Claim 2 wherein said activator is sodium salicylate.

7. A composition according to Claim 2 wherein said activator is a dimethyt phthalater-butyl alcohol so-
lution of sodium salicylate.

8. A composition according to Claim 1 including, in addition thereto, an activator and a solvent for said
oxalate and said chloranthracene.

9. AmuposiﬁonaocadlngbClaim1whemnhemhrmﬁoofoxdatademanﬁmeemmnga
from 20-40 to 1, respectively.

10.Acompos|ﬁonaoemdingm0him3wheminmeconcemofduaoanﬁmcenemthecomposi-
tion ranges from 0.005 to 0.0150 mole per liter of oxalate solution.

1. Acomposaﬁonaceordingtoclahmmm in addition thereto, asolubleperylenedye
341:.1A composition aoi?mrdiwng to Claim 11 wherein said perylene dye is N,N’-bis{2,5-di-t-butyiphenyl)-

O-perylenedicarbo:

13. AmethodforprodudngabluedmnilumlnescemlightwhmcompdsosaddingtomecomposMonof

Ciaim 1 a solution of hydrogen peroxide and a basic catalyst.

W
1 Zusammnsetzung. angepaBt, um bei Umsetzung mit Wasserstotiperoxid Chemilumineszenz-Licht
b-Varbimhng ndg)hsio-Bis( - -dtlomnﬂ?menmﬂt.wobeidie dorm
ul mﬂnxyphonyl)-z racen :

sind, da8 sichtbares Licht erzeugt wird.
z.ZlmmnemetzunggemasAnspmdn Mm&ﬂ%e&mm
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TABLE I .
Total LOP-Lumens per liter
Example 1 28,790
Example 2 25,334

It can therefore be seen that the use of the compoéiﬁon of the present invention results in 13.6% high-
er light output over the same period of time as compared to the systems of the prior art.

EXAMPLE 3

The procedure of Example 1 is again followed except that 0.003% of N,N’-bis(2,5-di-tert butyiphenyi)-
3,4,9,10-perylene dicarboximide is Incorporated into Solution A. Upon mixing the resuitant solution with
Solution B, white light results, said white light being of a whiter color than when the fiuorescer is 9,10-
diphenylanthracene.

EXAMPLES 46

Substitution of the following oxalates, for that of Sofution A in Exampie 1, again resuits in a blue chemi-
luminescent light of high intensity: 4) bis(6-carboxy-2,4,5- trichiorophenyl)oxalate; 5) bis(4-carb-
oxy.2,6,-dichiorophenyl) oxalate; and 6) bis(2,3-dicarboxy-4,5,6-trichiorophenyf) oxalate.

EXAMPLE 7

The procedure of Example 1 is again followed except that the catalyst of Solution B is rubidium acehfo.
Similar results are achieved. : ' :

Claims

1. A composition adapted to be reacted with hydrogen peroxide to provide chemiluminescent light, said
compasition containing the ingredients 1) an oxalate compound and 2) 9,10-bis{4-methoxyphenyi)-2-chio-
roanthracene, the amounts of said ingredients being such as to provide visible light.

2. A composition according to Claim 1, including in addition thereto, an activator.

3. A composition according to Claim 1 comprising, in addition thereto, a solvent for said oxalate and
said chloroanthracene. '
nyg. mnposiﬁon according to Claim 1 wherein said oxalate is bis(2,4,5-trichloro-6-carbopentoxyphe-

o 0. '

5. A compasition according to Claim 3 wherein said solvent is dibutyl phthalate.

6. A composition according to Claim 2 wherein said activator is sodium salicylate.

7. A composition according to Claim 2 whersin said activator is a dimethy! phthalater-butyl alcohol so-
lution of sodium salicylate.

8. A composition according to Claim 1 indluding, in addition thereto, an activator and a solvent for said
oxalate and said chloranthracene. ‘

8. A composition according to Claim 1 wherein the molar ratio of oxalate to chioroanthracene ranges
from 20-40 to 1, respectively.

10. A composition according to Claim 3 whersin the concentration of chioroanthracene in the composi-
tion ranges from 0.005 to 0.0150 mole per liter of oxalate sclution. ,

11. A composition according to Claim 1 containing, in addition thersto, a soluble perylene dys.

12. A compesition according to Claim 11 wherein said perylene dye is N,N’-bis(2,5-di-t-butylphenyl)-
3,4,9,10-perylenedicarboximide.

13. A method for producing a biue chemiluminescent light which comprises adding to the compesition of
Claim 1 a solution of hydrogen peroxide and a basic catalyst.

Patentanspriiche -

1. Zusammensetzung, angepaBt, um bei Umsetzung mit Wasserstofiperoxid Chemilumineszenz-Licht
zu erzeugen, wobei die Zusammensetzung die Bestandteile 1) eine substituierte Carbalkoxyphenyloxala-
te-Verbindung und 2) 9,10-Bis(4-methoxyphenyl)-2-chioranthracen enthdlt, wobei die Mengen der ge-
nannten Bestandteile derart sind, daB sichtbares Licht erzeugt wird. _ .

2. Zusammensetzung gemaB Anspruch 1, umfassend zusitzlich einen Aktivator.
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3. Zusammensetzung gemas Anspruch 1, umfassend zusitzlich ein Ldsungsmittel fOr das genannte
Onxalat und das genannte Chioranthracen.

4. Zusammensetzung gemaB Anspruch 1, wobei das Oxalat Bis(2,4,5-trichlorcarbopentoxyphenyl)-
oxalat ist. )

5. Zusammensetzung gem&8 Anspruch 3, wobei das Losungsmittel Dibutylphthalat ist.

6. Zusammensetzung gem4B Anspruch 2, wobel der Aktivator Natriumsalicylat ist.

7. Zusammensetzung gemiB Anspruch 2, wobei der Aktivator eine Dimethyiphthalatt-Butylalkohol- -
L8sung von Natriumsalicylatist. .~ '

8. Zusammensetzung gemaB Anspruch 2, umfassend zusitzlich einen Aktivator und ein L3sungsmittel
fir das Oxalat und das Chloranthracen.

9. Zusammensetzung gem#&B Anspruch 1, wobei das Molverhaltnis von Oxalat zu Chioranthracen im
Bereich von 20 bis 40 zu 1 liegt. : : .

10. Zusammensetzung gema8 Anspruch 3, wobei die Konzentration des Chloranthracens in der Zusam-
mensetzung im Bereich von 0,005 bis 0,0150 Mol/Liter Oxalat-L8sung

11. Zusammensetzung gem&B Anspruch 1, enthaltend zusatzlich einen I8slichen Perylen-Farbstoff.

12. Zusammensetzung gemiB Anspruch 11, wobei der Perylen-Farbstoff N,N"-Bis{2,5-di-t-butyl-
phenyl)-3,4,9,10-perylendicarboximid ist. _

13. Methode zur Erzeugung eines blauen Chemilumineszenz-Lichts, wobel man der Zusammensetzung

. gemaB Anspruch 1 eine L3sung von Wasserstofiperoxid und einen basischen Katalysator zusetzt.

Revendications

1. Composition destinée & réagir avec du peroxyde d'hydrogéne pour produire une lumidre chimilumi-
nescents, ladite composition contenant les ingrédients suivants: 1) un oxalate de
substitué et 2) du 9,10-bis{4-méthoxyphényl)-2-chloro-anthracéne, les quantités desdits ingrédients
étant convenables pour produire une lumidre visible.

2. Composition selon la revendication 1, comprenant de plus un activateur.

3. Composition selon la revendication 1, comprenant de plus un solvant dudit oxalate et dudit chioro-
anthracéne. .

4. Composition selon la revendication 1, dans laquelle ledit oxalate est {'oxalate de bis(2,4,5-trichloro-
waopenbgtyphényle). _

5. Composition selon la revendication 3, dans laquelle ledit solvant est le phtalate de dibutyle.

6. Composition selon la revendication 2, dans laquelle ledit activateur est le salicylate de sodium.

7. Composition selon la revendication 2, dans laquelle ledit activateur est une solution de salicylate de
sodium dans du phtalate de diméthyle/alcool tert.-butylique.

8. Composition selon la revendication 1, comprenant de plus un activateur et un solvant dudit oxalate
et dudit chloro-anthracane.

8. Composition selon la revendication 1, dans laquelle le rapport molaire de I'oxalate au chioro-anthra-
céne est de 20-40 A 1, respectivement. : .

10. Composition selon la revendication 3, dans laquelle la concentration du chioro-anthracne dans la
composition est de 0,005 & 0,0150 mole par litre de solution d’'oxalate.

11. Composition selon la revendication 1, contenant de plus un colorant soluble du péryléne.

12. Composition selon la revendication 11, dans laquelle ledit colorant du péryldéne est le N,N-bis(2,5-
di-t-butylphényl)-3,4,9,10-péryldne-dicarboximide.

13. Procédé de production d'une lumidre chimiluminescente bleue, qui consiste & ajouter & ia composi-
tion de la revendication 1 une solution de peroxyde d'hydrogéne et un catalyseur basique.



