
(19) United States 
(12) Reissued Patent 

Hubbard et al. 
(10) Patent Number: 
(45) Date of Reissued Patent: 

USO0RE41616E 

US RE41,616 E 
Aug. 31, 2010 

(54) TAGGING MATERIALS FOR POLYMERS, 
METHODS, AND ARTICLES MADE 
THEREBY 

(75) Inventors: Steven Frederick Hubbard, Olmsted 
Township, OH (US); Radislav 
Alexandrovich Potyrailo, Niskayuna, 
NY (US); Philippe Schottland, West 
Chester, OH (US); Verghese Thomas, 
Evansville, IN (U S) 

(73) Assignee: Sabic Innovative Plastics IP B.V., 
Bergen op Zoom (NL) 

(21) Appl.No.: 10/73s,702 

(22) Filed: Dec. 17, 2003 

Related US. Patent Documents 
Reissue of: 
(64) Patent No.: 6,514,617 

Issued: Feb. 4, 2003 
Appl. No.: 09/901,966 
Filed: Jul. 11, 2001 

(51) Int. Cl. 
C08G 64/00 (2006.01) 
C08G 63/02 (2006.01) 

(52) US. Cl. ...................... .. 528/196; 428/412; 428/421; 

436/56; 526/342; 528/190; 528/193; 528/271; 
528/272 

(58) Field of Classi?cation Search ................ .. 428/412, 

428/421; 436/56; 525/342; 528/190, 193, 
528/196, 271, 272 

See application ?le for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,238,524 A 12/1980 LaLiberte et a1. 
4,813,973 A 3/1989 Winnik et a1. 
5,005,873 A 4/1991 West 
5,030,697 A 7/1991 Hugl et a1. 
5,128,419 A 7/1992 Fong et a1. 
5,171,450 A 12/1992 Hoots 
5,201,921 A 4/1993 Lutterman et al. 
5,314,072 A 5/1994 Frankel et a1. 

5,329,127 A 7/1994 Becker et al. 
5,510,619 A 4/1996 Zachmann et al. 
5,553,714 A 9/1996 Cushman et a1. 
5,573,909 A 11/1996 Singer et al. 
5,640,010 A 6/1997 Twerenbold 
5,703,229 A 12/1997 Krutak et a1. 
5,925,716 A 7/1999 Fu et a1. 
6,051,437 A * 4/2000 Luo et a1. ................. .. 436/172 

6,099,930 A 8/2000 Cyr et a1. 
6,219,329 B1 4/2001 Tanaka et a1. 
6,251,680 B1 6/2001 Fu et a1. 
6,355,420 B1 3/2002 Chan 
6,403,311 B1 6/2002 Chan 
6,514,617 B1 2/2003 Hubbard et a1. 
6,740,518 B1 * 5/2004 Duong et a1. .......... .. 435/2872 

2002/0110818 A1 8/2002 Chan 
2002/0119455 A1 8/2002 Chan 

FOREIGN PATENT DOCUMENTS 

EP 0700961 B1 12/1998 
EP 1002831 A1 5/2000 
GB 2264558 * 2/1993 
GB 2264558 A 9/1993 
GB 2330408 * 10/1997 

GB 2330408 A 4/1999 
W0 WO 00/14736 3/2000 

* cited by examiner 

Primary ExamineriTerressa M Boykin 
(74) Attorney, Agent, or FirmiLarson & Anderson, LLC 

(57) ABSTRACT 

A polymer comprising a tagging material is provided 
Wherein the tagging material comprises at least one organic 
?uorophore dye, or at least one inorganic ?uorophore, or at 
least one organometallic ?uorophore, or at least one semi 
conducting luminescent nanoparticle, or combination 
thereof, Wherein the tagging material has a temperature sta 
bility of at least about 3500 C. and is present in a su?icient 
quantity such that the tagging material is detectible via a 
spectro?uorometer at an excitation Wavelength in a range 
between about 100 nanometers and about 1100 nanometers. 
Further embodiments of the present invention include a 
method for identifying a polymer and an article comprising a 
polymer Wherein the polymer contains the aforementioned 
tagging material. 

64 Claims, 2 Drawing Sheets 
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TAGGING MATERIALS FOR POLYMERS, 
METHODS, AND ARTICLES MADE 

THEREBY 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

The present invention is related to identi?cation of poly 
mer compositions. More particularly, the present invention is 
related to non-destructive identi?cation of polymer compo 
sitions via spectroscopic tags. 
Automated identi?cation of plastic compositions is desir 

able for a variety of applications, such as recycling, tracking 
a manufacturing source, anti-piracy protection, and the like. 
Historically, X-rays and infrared spectroscopy have been 
used to identify plastic materials. Tagging materials such as 
ultraviolet and near-infrared ?uorescent dyes have also been 
used for the identi?cation of plastic compositions. 

In Cyr et al., US. Pat. No. 6,099,930, tagging materials 
are placed in materials such as digital compact discs. A near 
infrared ?uorophore is incorporated into the compact disc 
via coating, admixing, blending, or copolymeriZation. Fluo 
rescence is detectable when the ?uorophore is exposed to 
electromagnetic radiation having a wavelength ranging from 
670 nanometers to 1100 nanometers. 

Unfortunately, the use of ?uorophores may be problem 
atic under certain conditions. For instance, if multiple ?uo 
rophores are used, there may be an inaccuracy in the signals 
that are produced if the dye ages or leaches under normal use 
conditions, which can include, for example, exposure to 
ultraviolet light and high ambient temperatures. 
Additionally, additives used in the polymer can alter the ratio 
of ?uoroescence intensities. 
Due to the multitude of articles made by polymeric 

materials, there is a growing need to develop methods and 
tagging materials that a manufacturer can use to identify a 
product. Thus, methods and materials are constantly being 
sought which are effective, accurate, and easily detected. 

BRIEF SUMMARY OF TI IE INVENTION 

The present invention provides a method for identifying a 
polymer, comprising providing in the polymer at least one 
tagging material wherein the tagging material comprises at 
least one organic ?uorophore dye, or at least one inorganic 
?uorophore, or at least one organometallic ?uorophore, or at 
least one semi-conducting luminescent nanoparticle, or 
combination thereof, wherein the tagging material has a 
temperature stability of at least 350° C. and is present in a 
suf?cient quantity such that the tagging material is detectible 
via a spectro?uorometer at an excitation wavelength in a 
range between about 100 nanometers and about 1100 
nanometers. 

In a further embodiment of the present invention, a poly 
mer is provided comprising a tagging material wherein the 
tagging material comprises at least one organic ?uorophore 
dye, or at least one inorganic ?uorophore, or at least one 
organometallic ?uorophore, or at least one semi-conducting 
luminescent nanoparticle, or combination thereof, wherein 
the tagging material has a temperature stability of at least 
350° C. and is present in a suf?cient quantity such that the 
tagging material is detectible via a spectro?uorometer at an 
excitation wavelength in a range between about 100 nanom 
eters and about 1100 nanometers. 
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2 
In yet a further embodiment of the present invention, an 

article is provided comprising a polymer wherein the poly 
mer comprises at least one tagging material, wherein the 
tagging material comprises at least one organic ?uorophore 
dye, or at least one inorganic ?uorophore, or at least one 
organometallic ?uorophore, or at least one semi-conducting 
luminescent nanoparticle, or combinations thereof, wherein 
the tagging material has a temperature stability of at least 
3500 C. and is present in a suf?cient quantity such that the 
tagging material is detectible via a spectro?uorometer at an 
excitation wavelength in a range between about 100 nanom 
eters and about 1100 nanometers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a ?uoroescence spectrum of a ?uorescent 
tag incorporated into melt polycarbonate before a heat test as 
measured via a spectro?uorometer. Excitation wavelength, 
546 nanometers. 

FIG. 2 depicts a ?uorescence spectrum of a ?uorescent tag 
incorporated into melt polycarbonate after a heat test as 
measured via a spectro?uorometer. Excitation wavelength, 
546 nanometers. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to spectroscopic tags incor 
porated into polymers. Spectroscopic tags include at least 
one organic ?uorophore, or at least one inorganic 
?uorophore, or at least one organometallic ?uorophore, or at 
least one semi-conducting luminescent nanoparticle, or 
combinations thereof. Spectroscopic tags make it possible to 
determine the thermal history and degradation of a polymer. 
In addition, the tagging materials used in the present inven 
tion are insensitive to polymer additives and to chemical and 
physical aging of the polymer. 

These tagging materials are selected from classes of dyes 
that exhibit high robustness against ambient environmental 
conditions and temperature stability of at least about 350° 
C., preferably at least about 375° C., and more preferably at 
least about 400° C. Typically, the tagging materials have a 
temperature stability for a time period less than about 10 
minutes and preferably, less than about 1 minute, and more 
preferably, less than 20 seconds. 

The excitation range of these tagging materials is typi 
cally in a range between about 100 nanometers and about 
1100 nanometers, and more typically in a range between 
about 200 nanometers and about 1000 nanometers, and most 
typically in a range between about 250 nanometers and 
about 950 nanometers. The emission range of these tagging 
materials is typically in a range between about 250 nanom 
eters and about 250 nanometers. 

The tags of the present invention include organic, 
inorganic, or organometallic ?uorophores. Exemplary ?uo 
rophores include, but are not limited to, known dyes such as 
polyaZaindacenes or coumarins, including those set forth in 
US. Pat. No. 5,573,909. Other suitable families of dyes 
include lanthanide complexes, hydrocarbon and substituted 
hydrocarbon dyes; polycyclic aromatic hydrocarbons; scin 
tillation dyes (preferably oxaZoles and oxidaZoles); aryl- and 
heteroaryl-substituted polyole?ns (CfC8 ole?n portion); 
carbocyanine dyes; phthalocyanine dyes and pigments; 
oxaZine dyes; carbostyryl dyes; porphyrin dyes; acridine 
dyes; anthraquinone dyes; arylmethane dyes; aZo dyes; dia 
Zonium dyes; nitro dyes; quinone imine dyes; tetraZolium 
dyes; thiaZole dyes; perylene dyes, perinone dyes, bis 
benZoxaZolylthiophene (BBOT), and xanthene dyes. Fluoro 
phores of the present invention also include anti-stokes shift 
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dyes Whi ch absorb in the near infrared Wavelength and emit 
in the Visible Wavelength. 

The following is a partial list of commercially available, 
suitable luminescent dyes. 
5 -Amino-9-diethyliminobenZo (a)phenoXaZonium Perchlo 

roate 

7-Amino-4-methylcarbostyryl 
7 -Amino -4-methylcoumarin 
7-Amino-4-tri?uoromethylcoumarin 
3 -(2'-BenZimidaZolyl)-7-N,N-diethylamminocoumarin 
3 -(2'-BenZothiaZolyl) -7 -diethylaminocoumarin 
2-(4-Biphenyl)-5 -(4 -t-butylphenyl)- l ,3,4-oXadiaZole 
2-(4-Biphenyl)-5 -phenyl-l ,3 ,4-oXadiaZole 
2-(4-Biphenyl)-6-phenylbenZoxaZole-l ,3 
2,5 -Bis-(4-biphenylyl)- l ,3 ,4-oXadiaZole 
2,5 -Bis-(4 -biphenylyl)-oXaZole 
4,4'-Bis-(2 -butyloctyloxy)p-quaterphenyl 
p-Bis(o-methylstyryl)-benZene 
5 ,9 -Diaminob enZo (a)phenoXaZonium Perchlorate 
4-Dicyanomethylene-2-methyl-6-(p -dimethylamino styryl) 

4H-pyran 
l,l'-Diethyl-2,2'-carbocyanine Iodide 
l,l'-Diethyl-4,4'-carbocyanine Iodide 
3,3'-Diethyl-4,4',5,5'-dibenZothiatricarbocyanine Iodide 
l,l'-Diethyl-4,4'-dicarbocyanine Iodide 
l,l'-Diethyl-2,2'-dicarbocyanine Iodide 
3,3'-Diethyl-9, l l -neopentylenethiatricarbocyanine Iodide 
l,3'-Diethyl-4,2'-quinolyloxacarbocyanine Iodide 
l,3'-Diethyl-4,2'-quinolylthiacarbocyanine Iodide 
3 -Diethylamino -7 -diethyliminophenoxaZonium Perchlorate 
7-Diethylamino -4 -methylcoumarin 
7 -Diethylamino -4 -tri ?uoromethylcoumarin 
7-Diethylaminocoumarin 
3,3'-Diethyloxadicarbocyanine Iodide 
3,3'-Diethylthiacarbocyanine Iodide 
3,3'-Diethylthiadicarbocyanine Iodide 
3,3'-Diethylthiatricarbocyanine Iodide 
4,6-Dimethyl-7 -ethylaminocoumarin 
2,2'-Dimethyl-p-quaterphenyl 
2,2-Dimethyl-p -terphenyl 
7-Dimethylamino-l -methyl-4 -methoXy-8-aZaquinolone-2 
7-Dimethylamino -4 -methylquinolone-2 
7 -Dimethylamino -4 -tri ?uoromethylcoumarin 
2-(4-Dimethylaminophenyl)- l ,3 -butadienyl)-3 - 

ethylbenZothiaZolium Perchlorate 
2 - (6 - (p -Dimethylaminophenyl) -2 ,4 -neopentylene- l ,3 , 5 - 

heXatrienyl)-3-methylbenZothiaZolium Perchlorate 
2 -(4 -(p -Dimethylaminophenyl) - l , 3 -butadienyl)- l ,3 ,3 - 

trimethyl-3H-indolium Perchlorate 
3,3'-Dimethyloxatricarbocyanine Iodide 
2,5 -Diphenylfuran 
2,5 -DiphenyloXaZole 
4,4'-Diphenylstilbene 
l-Ethyl -4 - (4 - (p -Dimethylaminophenyl) - l ,3 -butadienyl) 

pyridinium Perchlorate 
l-Ethyl -2 - (4 - (p -Dimethylaminophenyl) - l ,3 -butadienyl) 

pyridinium Perchlorate 
l-Ethyl -4 - (4 - (p -Dimethylaminophenyl) - l ,3 -butadienyl) 

quinolium Perchlorate 
3 -Ethylamino-7-ethylimino -2, 8-dimethylphenoxaZin-5 -ium 

Perchlorate 
9-Ethylamino -5 -ethylamino- l 0-methyl-5H-benZo (a) phe 
noxaZonium Perchlorate 

7 -Ethylamino -6 -methyl-4-tri?uoromethylcoumarin 
7 -Ethylamino -4 -tri ?uoromethylcoumarin 
l,l',3,3,3',3'-HeXamethyl-4,4',5,5'-dibenZo-2,2' 

indotricarboccyanine Iodide 
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4 
l,l',3 ,3 ,3',3'-Hexamethylindodicarbocyanine Iodide 
l , l ',3 ,3 ,3',3'-Hexamethylindotricarbocyanine Iodide 
2-Methyl-5-t-butyl-p-quaterphenyl 
N-Methyl-4-tri?uoromethylpiperidino-<3,2-g>coumarin 
3-(2'-N-MethylbenZimidaZolyl)-7-N,N 

diethylaminocourrnarin 
2 -(l -Naphthyl) -5 -phenyloXaZole 
2,2'-p-Phenylene-bis(5 -phenyloXaZole) 
3,5,3"",5""-Tetra-t-butyl-p-sexiphenyl 
3,5,3"",5""-Tetra-t-butyl-p-quinquephenyl 
2,3,5,6-lH,4H-Tetrahydro-9-acetylquinoliZino-<9,9a, l - 

gh>coumarin 
2,3,5,6-lH,4H-Tetrahydro-9-carboethoXyquinoliZino-<9,9a, 

l -gh>courmarin 
2,3,5,6-lH,4H-Tetrahydro-8-methylquinoliZino-<9,9a,l 

gh>coumarin 
2,3,5,6-lH,4H-Tetrahydro-9-(3-pyridyl)-quinoliZino-<9,9a, 

l -gh>coumarin 
2,3,5,6-lH,4H-Tetrahydro-8-tri?uoromethylquinoliZino-<9, 

9a, 1 -gh>coumarin 
2,3,5,6- l H,4H-TetrahydroquinoliZino-<9,9a, l - 

gh>coumarin 
3,3',2",3'"-Tetramethyl-p-quaterphenyl 
2,5,2"",5"'-Tetramethyl-p-quinquephenyl 
P-terphenyl 
P-quaterphenyl 
Nile Red 
Rhodamine 700 
OxaZine 750 
Rhodamine 800 
IR 125 
IR 144 
IR 140 
IR 132 
IR 26 
IR5 
Diphenylhexatriene 
Diphenylbutadiene 
Tetraphenylbutadiene 
Naphthalene 
Anthracene 
9, l 0-diphenylanthraZene 
Pyrene 
Chrysene 
Rubrene 
Coronene 
Phenanthrene. 
The tags of the present invention may also include semi 

conducting luminescent nanoparticles of siZes in a range 
betWeen about 1 nanometer and about 50 nanometers. 
Exemplary semi-conducting luminescent nanoparticles 
include, but are not limited to, CdS, ZnS, Cd3P2, Pbs, or 
combinations thereof. Semi-conducting luminescent nano 
particles also include rare earth aluminates including, but not 
limited to, strontium aluminates doped With Europium and 
Dysprosium. 

In a preferred embodiment, tagging materials such as 
perylenes such as Anthra[2, l ,9-def: 6,5, l O-d'e'f‘] 
diisoquinoline- l ,3,8, l 0(2H,9H)-tetrone, 2,9-bis[2,6-bis(l - 
methylethyl)phenyl]-5,6, l 2, l 3-tetraphenoxy are utiliZed. 

Concentration of the tagging material depends on the 
quantum ef?ciency of the tagging material, excitation and 
emission Wavelengths, and employed detection techniques, 
and can typically range from about 10'18 percent by Weight 
and about 2 percent by Weight of the total polymer, more 
typically range from about 10-15 percent by Weight and 
about 0.5 percent by Weight of the total polymer, and most 
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typically range from about 10'12 percent by Weight and 
about 0.05 percent by Weight of the total polymer. 
Some possible examples of polymers Which can be uti 

liZed for the present invention include, but are not limited to, 
amorphous, crystalline and semi-crystalline thermoplastic 
materials: polyvinyl chloride, polyole?ns (including, but not 
limited to, linear and cyclic polyole?ns and including 
polyethylene, chlorinated polyethylene, polypropylene, and 
the like), polyesters (including, but not limited to, polyethyl 
ene terephthalate, polybutylene terephthalate, polycyclo 
hexylmethylene terephthalate, and the like), polyamides, 
polysulfones (including, but not limited to, hydrogenated 
polysulfones, and the like), polyimides, polyether imides, 
polyether sulfones, polyphenylene sul?des, polyether 
ketones, polyether ether ketones, ABS resins, polystyrenes 
(including, but not limited to, hydrogenated polystyrenes, 
syndiotactic and atactic polystyrenes, polycyclohexyl 
ethylene, styrene-co-acrylonitrile, styrene-co-maleic 
anhydride, and the like), polybutadiene, polyacylates 
(including, but not limited to, polymethylmethacrylate, 
methyl methacrylate-polyimide copolymers, and the like), 
polyacrylonitrile, polyacetals, polycarbonates, polyphe 
nylene ethers (including but not limited to, those derived 
from 2,6-dimethylphenol and copolymers With 2,3,6 
trimethylphenol, and the like), ethylene-vinyl acetate 
copolymers, polyvinyl acetate, liquid crystal polymers, 
ethylene-tetra?uoroethylene copolymer, aromatic 
polyesters, polyvinyl ?uoride, polyvinylidene ?uoride, poly 
vinylidene chloride, Te?ons, as Well as thermosetting resins 
such as epoxy, phenolic, alkyds, polyester, polyimide, 
polyurethane, mineral ?uid silicone, bis-maleimides, cyan 
ate esters, vinyl, and benzocyclobutene resins, in addition to 
blends, copolymers, mixtures, reaction products and com 
posites comprising at least one of the foregoing plastics. 
As used herein, the terms “polycarbonate”, “polycarbon 

ate composition”, and “composition comprising aromatic 
carbonate chain units” includes compositions having struc 
tural units of the formula (I): 

(I) 
O 

in Which at least about 60 percent of the total number of R1 
groups are aromatic organic radicals and the balance thereof 
are aliphatic, alicyclic, or aromatic radicals. Preferably, R1 is 
an aromatic organic radical and, more preferably, a radical of 
the formula (II): 

-A1-Y1-A2- (11) 

wherein each of Al and A2 is a monocyclic divalent aryl 
radical and Y3 is a bridging radical having one or tWo atoms 
Which separate A1 from A2. In an exemplary embodiment, 
one atom separates A1 from A2. Illustrative, non-limiting 
examples of radicals of this type are iOi, iSi, 
iS(O)i, iS(O2)i, iC(O)i, methylene, 
cyclohexylmethylene, 2-[2,2,l]-bicycloheptylidene, 
ethylidene, isopropylidene, neopentylidene, 
cyclohexylidene, cyclopentadecylidene, cyclododecylidene, 
and adamantylidene. The bridging radical Y1 can be a hydro 
carbon group or a saturated hydrocarbon group such as 
methylene, cyclohexylidene or isopropylidene. 

Polycarbonates can be produced by the interfacial reac 
tion of dihydroxy compounds in Which only one atom sepa 
rates A1 and A2. As used herein, the term “dihydroxy com 
pound” includes, for example, bisphenol compounds having 
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6 
general formula (III) as follows: 

(111) 
(Rah, (Rb)q 

Wherein R“ and Rb each represent a halogen atom or a 
monovalent hydrocarbon group and may be the same or dif 
ferent; p and q are each independently integers from 0 to 4; 
and X“ represents one of the groups of formula (IV): 

(1V) 

Wherein R” and Rd each independently represent a hydrogen 
atom or a monovalent linear or cyclic hydrocarbon group 
and Rd is a divalent hydrocarbon group. 
Some illustrative, non-limiting examples of suuitable 

dihydroxy compounds include dihydric phenols and the 
dihydroxy-substituted aromatic hydrocarbons disclosed by 
name or formula (generic or speci?c) in Us. Pat. No. 4,217, 
438, Which is incorporated herein by reference. A nonexlcu 
sive list of speci?c examples of the types of bisphenol com 
pounds that may be represented by formula (III) includes the 
folloWing: l,l-bis(4-hydroxyphenyl)methane; l,l-bis(4 
hydroxyphenyl)ethane; 2,2'-bis(4-hydroxyphenyl) propane 
(hereinafter “bisphenol A” or “BPA”); 2,2-bis(4 
hydroxyphenyl)butane; 2,2-bis(4-hydroxyphenyl)octane; 
1,1 -bis(4-hydroxyphenyl)propane; l,l-bis(4 
hydroxyphenyl)n-butane; bis(4-hydroxyphenyl) 
phenylmethane; 2,2-bis(4-hydroxy-l -methylphenyl) 
propane; l,l-bis(4 -hydroxy- l -butylphenyl)propane; and 
(hydroxyaryl)alkanes such as 2,2-bis(4-hydroxy-3 
bromophenyl)propane; l,l-bis(4-hydroxyphenyl) 
cyclopentane; and bis(hydroxyaryl)cycloalkanes such as 
l,l-bis(4-hydroxyphenyl)cyclohexane; and the like as Well 
as combinations comprising at least one of the foregoing. 

It is also possible to employ polycarbonates resulting 
from the polymeriZation of tWo or more different dihydric 
phenols or a copolymer of a dihydric phenol With a glycol or 
With a hydroxy- or acid-terminated polyester or With a diba 
sic acid or With a hydroxy acid or With an aliphatic diacid in 
the event a carbonate copolymer rather than a homopolymer 
is desired for use. Generally, useful aliphatic diacids have 
from 2 to about 40 carbons. A preferred aliphatic diacid is 
dodecandioic acid. Polyarylates and polyester-carbonate res 
ins or their blends can also be employed. Branched polycar 
bonats are also useful, as Well as blends of linear polycar 
bonate and a branched polycarbonate. The branched 
polycarbonates may be prepared by adding a branching 
agent during polymerization. 

These branching agents are Well knoWn and may com 
prise polyfunctional organic compounds containing at least 
three functional groups Which may be hydroxyl, carboxyl, 
carboxylic anhydride, halofor'myl and mixtures comprising 
at least one of the foregoing. Speci?c examples include trim 
ellitic acid, trimellitic anhydride, trimellitic trichloride, tris 
p-hydroxyl phenyl ethane, isatin-bis-phenol, tris-phenol TC 
(1 ,3,5-tris((p-hydroxyphenyl)isopropyl)benZene), tris 
phenol PA (4(4(1,l-bis(p-hydroxyphenyl)-ethyl) alpha, 
alpha-dimethyl benZyl)phenol), 4-chloroformyl phthalic 
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anhydride, trimesic acid and benZophenone tetracarboxylic 
acid, and the like. The branching agents may be added at a 
level of about 0.05 to about 2.0 Weight percent. Branching 
agents and procedures for making branched polycarbonates 
are described in US. Pat. Nos. 3,635,895 and 4,001,184. All 
types of polycarbonates end groups are herein contemplated. 

Preferred polycarbonates are based on bisphenol A, in 
Which each of Al and A2 is p-phenylene and Y1 is isopropy 
lidene. Preferably, the average molecular Weight of the poly 
carbonate is about 5,000 to about 100,000, more preferably 
about 10,000 to about 65,000, and most preferably about 
15,000 to about 35,000. 

In monitoring and evaluating polycarbonate synthesis, it 
is of particular interest to determine the concentration of 
Fries product present in the polycarbonate. As noted, the 
generation of signi?cant Fries product can lead to polymer 
branching, resulting in uncontrollable melt behavior. As 
used herein, the terms “Fries” and “Fires product” denote a 
repeating unit in polycarbonate having the formula (V): 

Wherein X“ is a bivalent radical as described in connection 
With Formula (III) described above. 

The polycarbonate composition may also include various 
additives ordinarily incorporated in resin compositions of 
this type. Such additives are, for example, ?llers or reinforc 
ing agents; heat stabilizers; antioxidants; light stabiliZers; 
plasticiZers, antistatic agents; mold releasing agents; addi 
tional resins; bloWing agents; and the like, as Well as combi 
nations comprising at least one of the foregoing additives. 
Examples of ?ller or reinforcing agents include glass ?bers, 
asbestos, carbon ?bers, silica, talc and calcium carbonate. 
Examples of heat stabiliZers include triphenyl phosphite, 
tris-(2,6-dimethylphenyl)phosphite, tris-(mixed mono- and 
di-nonylphenyl)phosphite, dimethylbenZene phosphonate 
and trimethyl phosphate. Examples of antioxidants include 
octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, 
and pentaerythrityl-tetrakis[3-(3,5-di-tert-butyl-4 
hydroxyphenyl)propionate]. Examples of light stabiliZers 
include 2-(2-hydroxy-5-methylphenyl)benZotriaZole, 2-(2 
hydroxy-5-tert-octylphenyl)benZotriaZole and 2-hydroxy-4 
n-octoxy benZophenone. Examples of plasticiZers include 
dioctyl-4,5-epoxy-hexahydrophthalate, tris 
(octoxycarbonylethyl) isocyanurate, tristearin and epoxi 
diZed soybean oil. Examples of the antistatic agent include 
glycerol monostearate, sodium stearyl sulfonate, and sodium 
dodecylbenZenesulfonate. Examples of mold releasing 
agents include stearyl stearate, beesWax, montan Wax and 
paraf?n Wax. Examples of other resins include but are not 
limited to polypropylene, polystyrene, polymethyl 
methacrylate, and polyphenylene oxide. Combinations of 
any of the foregoing additives may be used. Such additives 
may be mixed at a suitable time during the mixing of the 
components for forming the composition. 

In addition to the polymer and tagging material, the com 
position may optionally include various additives ordinarily 
incorporated in resin compositions of this type. Such addi 
tives may include antioxidants, heat stabiliZers, antistatic 
agents (tetra alkylammonium benZene sulfonate salts, tetra 
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8 
alkylphosphonium benZene sulfonate salts, and the like), 
mold releasing agents (pentaerythritol tetrastearate; glycerol 
monostearate, and the like), and the like, the combinations 
comprising at least one of the foregoing. For example, the 
substrate can comprise heat stabiliZer in a range betWeen 
about 0.01 Weight percent and about 0.1 Weight percent; an 
antistatic agent in a range betWeen about 0.01 Weight percent 
and about 0.2 Weight percent; and a mold releasing agent in a 
range betWeen about 0.1 Weight percent and about 1 Weight 
percent of a mold releasing agent; based upon the total 
Weight of the polymer. 
Some possible antioxidants include, for example, 

organophosphites, e.g., tris(nonyl-phenyl)phosphite, tris(2, 
4-di-t-butylphenyl)phosphite, bis(2,4-di-t-butylphenyl) 
pentaerythritol diphosphite, distearyl pentaerythritol diphos 
phite and the like; alkylated monophenols, polyphenols and 
alkylated reaction products of polyphenols With dienes, such 
as, for example, tetrakis[methylene(3,5-di-tert-butyl-4 
hydroxyhydrocinnamate)]methane, 3,5-di-tert-butyl-4 
hydroxyhydrocinnamate octadecyl, 2,4-di-ter‘t-butylphenyl 
phosphite, and the like; butylated reaction products of para 
cresol and dicyclopentadiene; alkylated hydroquinones; 
hydroxylated thiodiphenyl ethers; alkylidene-bisphenols; 
benZyl compounds; esters of beta-(3,5-di-tert-butyl-4 
hydroxyphenyl)-propionic acid With monohydric or polyhy 
dric alcohols; esters of beta-(5-tert-butyl-4-hydroxy-3 
methylphenyl)-propionic acid With monohydric or 
polyhydric alcohols; esters of thioalkyl or thioaryl 
compounds, such as, for example, distearylthiopropionate, 
dilaurylthiopropionate, ditridecylthiodipropionate, and the 
like; amides of beta-(3,5-di-tert-butyl-4-hydroxyphenyl) 
propionic acid; and the like, as Well as combinations com 
prising at least one of the foregoing. 

Other potential additives Which may be employed com 
prise: UV absorbers; stabiliZers such as light and thermal 
stabiliZers (e.g., acidic phosphorous-based compounds); 
hindered phenols; Zinc oxide, Zinc sul?de particles, or com 
binations thereof; lubricants (mineral oil, and the like), 
plasticiZers, dyes used as a coloring material (quinines, 
aZobenZenes, and the like); among others, as Well as combi 
nations comprising at least one of the foregoing additives. 

In order to aid in the processing of the polymer, particu 
larly polycarbonate; catalyst(s) may also be employed, nam 
ley in the extruder or other mixing device. The catalyst typi 
cally assists in controlling the viscosity of the resulting 
material. Possible catalyses include hydroxides, such as tet 
raalkylammonium hydroxide, tetraalkylphosphonium 
hydroxide, and the like, With diethyldimethylammonium 
hydroxide and tetrabutylphosphonium hydroxide preferred. 
The catalyst(s) can be employed alone or in combination 
With quenchers such as acids, such as phosphoric acid, and 
the like. Additionally, Water may be injected into the poly 
mer melt during compounding and removed as Water vapor 
through a vent to remove residual volatile compounds. 
The polymer is produced by using a conventional reaction 

vessel capable of adequately mixing various precursors, 
such as a single or tWin screW extruder, kneader, blender, or 
the like. Spectroscopic tags can be incorporated into the 
polymer in the polymer manufacturing stage, during poly 
mer processing into articles, or combinations thereof. The 
spectroscopic tag can be incorporated into the polymer such 
that it is uniformly dispersed throughout the polymer or such 
that it is dispersed on a portion of the polymer. The polymer 
precursors can be premixed With the spectroscopic tag (e. g., 
in a pellet, poWder, and/or liquid form) and simultaneously 
fed through a hopper into the extruder, or the spectroscopic 
tag can be optionally added in the feed throat or through an 
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alternate injection port of the injection molding machine or 
other molding. Optionally, the polymer can be produced and 
the spectroscopic tag can be dispersed on a portin of the 
polymer. Methods for incorporating the spectroscopic tag 
into the polymer include, for example, coating, admixing, 
blending, or copolymeriZation. 

The extruder should be maintained at a suf?ciently high 
temperature to melt the polymer precursors Without causing 
decomposition thereof. For polycarbonate, for example, 
temperatures of about 220° C. to about 360° C. can be used, 
With about 260° C. to about 320° C. preferred. Similarly, the 
residence time in the extruder should be controlled to mini 
miZe decomposition. Residence times of up to about 2 min 
utes or more can be employed, With up to about 1.5 minutes 
preferred, and up to about 1 minute especially preferred. 
Prior to extrusion into the desired form (typically pellets, 
sheet, Web, or the like, the mixture can optionally be ?ltered, 
such as by melt ?ltering and/or the use of a screen pack, or 
the like, to remove undesirable contaminants or decomposi 
tion products. 

The polymers of the present invention may be used for 
any application in Which the physical and chemical proper 
ties of the material are desired. Typically, the polymers are 
used for data storage media. After the polymer composition 
has been produced, it can be formed into a data storage 
media using various molding techniques, processing 
techniques, or combination thereof. Possible molding tech 
niques include injection molding, ?lm casing, extrusion, 
press molding, bloW molding, stamping, and the like. One 
possible process comprises an injection molding 
compression technique Where a mold is ?leld With a molten 
polymer. The mold may contain a preform, inserts, ?llers, 
etc. The polymer is cooled and, While still in an at least 
partially molten state, compressed to imprint the desired sur 
face features (e.g., pits, grooves, edge features, smoothness, 
and the like), arranged in spiral concentric or other 
orientation, onto the desired portion(s) of the substrate, ie 
one or both sides in the desired areas. The substrate is then 
cooled to room temperature. Once the substrate has been 
produced, additional processing, such as electroplating, 
coating techniques (spin coating, spray coating, vapor 
deposition, screen printing, painting, dipping, and the like), 
lamination, sputtering, and combinations comprising at least 
one of the foregoing processing techniques, among others 
conventionally knoWn in the art, may be employed to dis 
pose desired layers on the substrate. 
An example of a polycarbonate data storage media com 

prises an injection molded polycarbonate substrate Which 
may optionally comprise a holloW (bubbles, cavity, and the 
like) or ?lled (metal, plastics, glass, ceramic, and the like, in 
various forms such as ?bers, spheres, particles, and the like) 
core. Disposed on the substrate are various layers including: 
a data layer, dielectric layer(s), a re?ective layer(s), and/or a 
protective layer, as Well as combinations comprising at least 
one of the foregoing layers. These layers comprise conven 
tional materials and are disposed in accordance With the type 
of media produced. For example, for a ?rst surface media; 
the layers may be protective layer, dielectric layer, data stor 
age layer, dielectric layer, and then the re?ective layer dis 
posed in contact With the substrate, With an optional decora 
tive layer disposed on the opposite side of the substrate. 
MeanWhile, for an optical media, the layers may be optional 
decorative layer, protective layer, re?ective layer, dielectric 
layer, and data storage layer, With a subsequent dielectric 
layer in contact With the substrate. Optical media may 
include, but is not limited to, any conventional pre-recorded, 
re-Writable, or recordable formats such as: CD, CD-R, 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
CD-RW, DVD, DVD-R, DVD-RW, DVD+RW, DVD-RAM, 
high-density DVd, magneto-optical, and others. It is under 
stood that the form of the media is not limited to disk-shape, 
but may be any shape Which can be accommodated in a 
readout device. 
The data storage layer(s) may comprise any material 

capable of storing retrievable data, such as an optical layer, 
magnetic layer, or a magneto-optic layer. Typically the data 
layer has a thickness of up to about 600 Angstroms (A) or so, 
With a thickness up to about 300 A preferred. Possible data 
storage layers include, but are not limited to, oxides (such as 
silicon oxide), rare earth elementsitransition metal alloys, 
nickel, cobalt, chromium, tantalum, platinum, terbium, 
gadolinium, iron, boron, others, and alloys and combinations 
comprising at least one of the foregoing organic dye (e.g., 
cyanine or phthalocyanine type dyes), and inorganic phase 
change compounds (e.g., TeSeSn, lnAgSb, and the like). 
The protective layer(s), Which protect against dust, oils, 

and other contaminants, can have a thickness of greater than 
about 100 microns (u) to less than about 10 A, With a thick 
ness of about 300 A or less preferred in some embodiments, 
and a thickness of about 100 A or less especially preferred. 
The thickness of the protective layer(s) is usually 
determined, at least in part, by the type of read/Write mecha 
ism employed, e.g., magnetic, optic, or magneto-optic. Pos 
sible protective layers include anti-corrosive materials such 
as gold, silver, nitrides (e.g., silicon nitrides and aluminum 
nitrides, among others), carbides (e.g., silicon carbide and 
others), oxides (e.g., silicon dioxide and others), polymeric 
materials (e.g., polyacrylates or polycarbonates), carbon 
?lm (diamond, diamond-like carbon, and the like), among 
others, and combinations comprising at least one of the fore 
going. 
The dielectric layer(s), Which are disposed on one or both 

sides of the data storage layer and are often employed as heat 
controllers, can typically have a thickness of up to or exceed 
ing about 1,000 A and as loW as about 200 A or less. Pos 
sible dielectric layers include nitrides (e.g., silicon nitride, 
aluminum nitride, and others); oxides (e.g., aluminum 
oxide); carbides (e.g., silicon carbide); and combinations 
comprising at least one of the foregoing materials, among 
other materials compatible Within the environment and pref 
erably not reactive With the surrounding layers. 
The re?ective layer(s) should have a su?icient thickness 

to re?ect a suf?cient amount of energy (e.g., light) to enable 
data retrieval. Typically the re?ective layer(s) can have a 
thickness of up to about 700 A or so, With a thickness of 
about 300 A to about 600 A generally preferred. Possible 
re?ective layers include any material capable of re?ecting 
the particular energy ?eld, including metals (e. g., aluminum, 
silver, gold, titanium, and alloys and mixtures comprising at 
least one of the foregoing metals, and others). 

In addition to the data storage layer(s), dielectric layer(s), 
protective layer(s) and re?ective layer(s), other layers can be 
employed such as lubrication layer and others. Useful lubri 
cants include ?uoro compounds, especially ?uoro oils and 
greases, and the like. 
The tagging materials of the present invention alloWs for a 

non-destructive means for the tracking of materials, determi 
nation of processing conditions such as the temperature at 
Which an article Was manufactured in addition to the thermal 
history and degradation. 

In order that those skilled in the art Will be better able to 
practice the invention, the folloWing example is given by 
Way of illustration and not by Way of limitation. 

EXAMPLE 

An organic ?uorophore (Lumogen Red 300 obtained from 
BASF) Was used as a spectroscopic tag. It has a high melting 
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point (3000 C.) and high temperature stability. The tag Was 
incorporated into the melt polycarbonate material during the 
melt polymerization reaction. The melt polymeriZation Was 
performed in a lab reactor. For heat stability tests, small 
amounts of polymer (about 0.5 grams) Were put into an oven 
at 4000 C. for three minutes. Heating of the samples Was 
done in air. 

Fluorescence emission spectra of the tag before and after 
the heating test Was performed to assess the temperature 
stability of the tag. Determinations Were performed on a 
setup Which included a White light source (450 Watt Xenon 
arc lamp, SLM Instruments, Inc., Urbana, 111., Model 
FP-024), a monochromator for selection of the excitation 
Wavelengths (SLM Instruments, Inc., Model FP-092) and a 
portable spectro?uorometer (Ocean Optics, Inc., Dunedin, 
Fla., Model ST2000). The spectro?uorometer Was equipped 
With a 200 micron slit, 600 grooves per millimeter grating 
blaZed at 400 nanometers and covering the spectral range 
from 250 to 800 nanometers With e?iciency greater than 
30% and a linear charge coupled device (CCD) array detec 
tor. Light from the monochromator Was focused into one of 
the arms of a “six-around-one” bifurcated ?ber-optic re?ec 
tion probe (Ocean Optics, Inc., Model R400-7-UV/VIS). 
Light from the sampels Was collected When the common end 
of the ?ber-optic probe Was position near the samples at a 
certain angle to minimiZe the amount of light directly 
re?ected from the sample back int the probe. The second arm 
of the porbe Was coupled to the spectro?uorometer. 

FIG. 1 depicts the ?uorescence spectrum of the ?uores 
cent tag incorporated into melt polycarbonate before the heat 
test. Excitation Wavelength Was 546 nanometers. FIG. 2 
depicts the ?uorescence spectrum of the ?uorescent tag 
incorporation into melt polycarbonate after the heat test. 
Excitation Wavelength Was 546 nanometers. This data 
clearly illustrates that the optical media made of polycarbon 
ate and tagged With the disclosed ?uorescent tagging dye 
can be processed above 3500 C. Such temperature is compa 
rable With the temperature of DVD production. 

While embodiments have been shoWn and described, vari 
ous modi?cations and substitutions may be made thereto 
Without departing from the spirit and the scope of the inven 
tion. Accordingly, it is to be understood that the present 
invention has been described by Way of illustration and not 
limitation. 
What is claimed is: 
1. A method for identifying a polycarbonate polymer, 

comprising providing [in the] a polycarbonate polymer [at 
least one] and a tagging material Wherein the tagging mate 
rial comprises at least one organic ?uorophore dye, or at 
least one inorganic ?uorophore, or at least one organometal 
lic ?uorophore, or at least one semi-conducting luminescent 
nanoparticle, or a combination thereof, Wherein the tagging 
material has a temperature stability of at least [about] 3500 
C. and is present in a suf?cient quantity such that the tagging 
material is detectible via a spectro?uorometer at an excita 
tion Wavelength in a range betWeen [about] 100 nanometers 
and [about 1100] 546 nanometers, and wherein the tagging 
material is uniformly dispersed throughout the polycarbon 
ate polymer or dispersed in a portion ofthe polycarbonate 
polymer by means ofan extruder or injection molder during 
melt polymerization of the polycarbonate polymer whereby 
a sample of the polymer composition can be identi?ed or 
distinguishedfrom samples ofotherpolymers containing no 
or di?erent tagging materials, and identifying the polymer 
based on the detected tagging material. 

2. The method in accordance With claim 1, Wherein the 
tagging material has a temperature stability of at least 
[about] 3750 C. 
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3. The method in accordance With claim 1, Wherein the 

tagging material has a temperature stability of at least 
[about] 4000 C. 

4. The method in accordance With claim 1, Wherein the 
tagging material has an excitation Wavelength in a range 
betWeen [about] 200 nanometers and [about 1000] 546 
nanometers. 

5. The method in accordance With claim 4, Wherein the 
tagging material has an excitation Wavelength in a range 
betWeen [about] 250 nanometers and [about 950] 546 
nanometers. 

6. The method in accordance With claim 1, Wherein the [at 
least one] tagging material comprises a ?uorophore dye 
[comprises] comprising perylenes. 

7. The method in accordance With claim 6, Wherein the [at 
least one] ?uorophore dye comprises [anthra[2,1,9-def:6,5, 
10-d'e'f‘]diisoquinoline-1,3,8,10(2H,9H)-tetrone, 2,9-bis[2, 
6-bis(1-methylethyl)phenyl]-5,6,12,13-tetraphenoxy, or 
combinations thereof] anthra[2,],9-def~6,5,]0-d’,ef] 
diisoquinoline-],3, 8, 10(2H, 9H)-tetrone, 2,9-bis[2, 6-bis(] 
methylethyl)phenyl]-5, 6, 12, 13-tetraphenoxy. 

8. The method in accordance With claim 1, Wherein [at 
least one] the tagging material comprises ?uorophore dye 
[comprises] comprising a lanthanide complex. 

[9. The method in accordance With claim 1, Wherein the 
?uorophore is an anti-stokes shift dye.] 

10. The method in accordance With claim 1, Wherein [at 
least one] the tagging material comprises semi-conducting 
luminescent nanoparticle [comprises] comprising CdS, ZnS, 
Cd3P2, PbS, or combinations thereof. 

11. The method in accordance With claim 1, Wherein [at 
least one] the tagging material comprises a semi-conducting 
luminescent nanoparticle [comprises rare earth aluminates] 
comprising strontium aluminates doped With Europium and 
Dysprosium. 

12. The method in accordance With claim 1, Wherein the 
tagging material is present in a range betWeen about 10'18 
and about 2 percent by Weight of the total polymer. 

13. The method in accordance With claim 12, Wherein the 
tagging material is present in a range betWeen about 10-15 
and about 0.5 percent by Weight of the total polymer. 

14. The method in accordance With claim 13, Wherein the 
tagging material is present in a range betWeen about 10'12 
and about 0.05 percent by Weight of the total polymer. 

[15. The method of claim 1, Wherein the polymer com 
prises a thermoplastic polymer material.] 

[16. The method of claim 15, Wherein the thermoplastic 
polymer material comprises polycarbonate.] 

17. The method of claim 1, Wherein the tagging material is 
incorporated into the polymer by coating, admixing, 
blending, or copolymeriZation. 

18. The method of claim 1, Wherein the polymer is used in 
a storage media for data. 

19. The method of claim 1, Wherein the polymer contains 
a coloring material. 

20. The method in accordance With claim 1, Wherein the 
tagging material has a temperature stability for a time period 
of less than about 10 minutes. 

21. The method in accordance With claim 1, Wherein the 
tagging material has a temperature stability for a time period 
of less than about 1 minute. 

22. The method in accordance With claim 1, Wherein the 
tagging material has a temperature stability for a time period 
of less than about 20 seconds. 

23. A method for identifying a polycarbonate, comprising 
providing in the polycarbonate at least one tagging material 
Wherein the tagging material comprises a perylene, Wherein 
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the perylene has a temperature stability of at least about 350° 
C., is present in a range betWeen about 10-18 percent by 
Weight and about 2 percent by Weight of the total polycar 
bonate and is detectable Via a spectro?uorometer at an exci 
tation Wavelength in a range betWeen [about] 100 nanom 
eters and [about 1100] 546 nanometers. 

24. A polymer composition comprising 
(a) a polycarbonate polymer, and 
(b) a tagging material Wherein the tagging material com 

prises at least one organic ?uorophore dye, or at least 
one inorganic or organometallic ?uorophore, or at least 
one semi-conducting luminescent nanoparticle, or 
combination thereof, Wherein the tagging material has a 
temperature stability of at least [about] 350° C. and is 
present in a suf?cient quantity such that the tagging 
material is detectable Via a spectro?uorometer at an 
excitation Wavelength in a range betWeen [about] 100 
nanometers and [about 1100] 546 nanometers, wherein 
the tagging material is uniformly dispersed throughout 
the polycarbonate polymer or dispersed on a portion of 
the polycarbonate polymer by means of an extruder or 
injection molding during melt polymerization of the 
polycarbonate polymer, whereby a sample of the poly 
mer composition can be identified or distinguished 
from samples ofotherpolymers containing no or di er 
ent tagging materials. 

25. The polymer composition in accordance With claim 
24, Wherein the tagging material has a temperature stability 
of at least [about] 375° C. 

26. The polymer composition in accordance With claim 
24, Wherein the tagging material has a temperature stability 
of at least [about] 400° C. 

27. The polymer composition in accordance With claim 
24, Wherein the [at least one] composition comprises a ?uo 
rophore dye [has] having an excitation Wavelength in a range 
betWeen [about] 200 nanometers and [about 1000] 546 
nanometers. 

28. The polymer composition in accordance With claim 
27, Wherein the [at least one] ?uorophore dye has an excita 
tion Wavelength in a range betWeen [about] 250 nanometers 
and [about 950] 546 nanometers. 

29. The polymer composition in accordance With claim 
24, Wherein the [at least one] composition a perylene as a 
?uorophore dye [comprises perylenes]. 

30. The polymer composition in accordance With claim 
29, Wherein the at least one ?uorophore dye comprises 
[anthra[2,1,9-def:6,5,10-d'e'f‘]diisoquinoline-1,3,8,10(2H, 
9H)-tetrone, 2,9-bis[2,6-bis(1-methylethyl)phenyl]-5,6,12, 
13-tetraphenoxy, or combinations thereof] 

anthra[2,1,9-def'6,5,10-d’eT]diisoquinoline-],3, 8,10 
(2H, 9H)-tetrone, 

2, 9-bis[2, 6-bis(] -methylethyl)phenyl]-5, 6, 12, 1 3 
tetraphenoxy. 

31. The polymer composition in accordance With claim 
24, Wherein the [at least one ?uorophore dye] composition 
comprises a lanthanide complex. 

[32. The polymer in accordance With claim 24, Wherein 
the ?uorophore comprises an anti-stokes shift dye.] 

33. The polymer composition in accordance With claim 
24, Wherein the [at least one] composition comprises a semi 
conducting luminescent nanoparticles [comprises] compris 
ing CdS, ZnS, Cd3P2, PbS, or combinations thereof. 

34. The polymer composition in accordance With claim 
24, Wherein the [at least one] composition comprises a semi 
conducting luminescent nanoparticles [comprises] compris 
ing rare earth aluminates comprising strontium aluminates 
doped With Europium and Dysprosium. 
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35. The polymer composition in accordance With claim 

24, Wherein the tagging material is present in a range 
betWeen about 10'18 percent by Weight and 2 percent by 
Weight of the total polymer. 

36. The polymer composition in accordance With claim 
35, Wherein the tagging material is present in a range 
betWeen about 10'15 percent by Weight and about 0.5 per 
cent by Weight of total polymer. 

37. The polymer composition in accordance With claim 
36, Wherein the tagging material is present in a range 
betWeen about 10'12 percent by Weight and about 0.05 per 
cent by Weight of total polymer. 

[38. The polymer in accordance With claim 24, Wherein 
the polymer comprises a thermoplastic polymer material 

[39. The polymer in accordance With claim 38, Wherein 
the thermoplastic polymer material comprises polycarbon 
ate. 

[40. The polymer in accordance With claim 24, Wherein 
the tagging material is incorporated into the polymer by 
coating, admixing, blending, or copolymeriZation.] 

41. The polymer composition in accordance With claim 
24, Wherein the polymer is used in a storage media for data. 

42. The polymer composition in accordance With claim 24 
comprising a coloring material. 

43. The polymer composition in accordance With claim 
24, Wherein the tagging material has a temperature stability 
for a time period of less than about 10 minutes. 

44. The polymer composition in accordance With claim 
24, Wherein the tagging material has a temperature stability 
for a time period of less than about 1 minute. 

45. The polymer composition in accordance With claim 
24, Wherein the tagging material has a temperature stability 
for a time period of less than about 20 seconds. 

46. A polycarbonate comprising a perylene, Wherein the 
perylene has a temperature stability of at least about 350° C. 
and is present in a range betWeen about 10-18 percent by 
Weight and about 2 percent by Weight of the total polycar 
bonate and is detectible Via a spectro?uorometer at an exci 
tation Wavelength in a range betWeen about 100 nanometers 
and about 1100 nanometers. 

47. An article comprising a polymer composition Wherein 
the polymer composition comprises 

(a) apolycarbonate polymer, and 
(b) a [at least one] tagging material Wherein the tagging 

material comprises at least one organic ?uorophore 
dye, or at least one semi-conducting luminescent 
nanoparticle, or combination thereof, Wherein the tag 
ging material has a temperature stability of at least 
about 350° C. and is present in a su?icient quantity 
such that the tagging material is detectible Via a spec 
tro?uorometer at an excitation Wavelength in a range 
betWeen [about] 100 nanometers and [about 1100] 546 
nanometers, wherein the tagging material is uniformly 
dispersed throughout the polycarbonate polymer or 
dispersed on a portion of the polycarbonate polymer by 
means ofan extruder or injection molder during melt 
polymerization of the polycarbonate polymer, whereby 
a sample of the polymer composition can be identi?ed 
or distinguished from samples of other polymers con 
taining no or diferent tagging materials. 

48. The method in accordance With claim 47, Wherein the 
tagging material has a temperature stability of at least about 
375° C. 

49. The method in accordance With claim 47, Wherein the 
tagging material has a temperature stability of at least about 
400° C. 

50. The article in accordance With claim 47, Wherein the at 
least one ?uorophore dye has an excitation Wavelength in a 
range betWeen [about] 200 nanometers and [about 1000] 5 4 6 
nanometers. 
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51. The article in accordance With claim 50, Wherein the at 
least one ?uorophore dye has an excitation Wavelength in a 
range betWeen [about] 250 nanometers and [about 950] 546 
nanometers. 

52. The article in accordance With claim 47, Wherein the at 
least one ?uorophore dye comprises perylenes. 

53. The article in accordance With claim 52, Wherein the at 
least one ?uorophore dye comprises [anthra[2,l,9-def:6,5, 
l0-d'e'f]diisoquinoline-l ,3,8, l 0(2H,9H)-tetrone, 2,9-bis[2, 
6-bis(l-methylethyl)phenyl]-5,6,12,13-tetraphenoxy, or 
combinations thereof] 

antrha[2, 1,9-def'6, 5, 10-d’eT]diisoquinoline-],3, 8,10 
(2H, 9H)-tetrone, 

2,9-bis[2, 6-bis(]-methylethyl)phenyl]-5, 6, 12, 13 
tetraphenoxy. 

54. The article in accordance With claim 47, Wherein at 
least one ?uorophore dye comprises a lanthanide complex. 

[55. The article in accordance With claim 47, Wherein the 
?uorophore is an anti-stokes shift dye.] 

56. The article in accordance With claim 47, Wherein at 
least one semi-conducting luminescent nanoparticle com 
prises CdS, ZnS, Cd3P2, PbS, or combinations thereof. 

57. The article in accordance With claim 47, Wherein at 
least one semi-conducting luminescent nanoparticle com 
prises rare earth aluminates comprising strontium alumi 
nates doped With Europium and Dysprosium. 

58. The article in accordance With claim 47, Wherein the 
tagging material is present in a range betWeen about 10'18 to 
about 2 percent by Weight of the total polymer. 

59. The article in accordance With claim 58, Wherein the 
tagging material is present in a range betWeen about 10'15 to 
about 0.5 percent by Weight of total polymer. 

60. The article in accordance With claim 59, Wherein the 
tagging material is present in a range betWeen about 10-12 to 
about 0.05 percent by Weight of total polymer. 

61. The article in accordance With claim 47, Wherein the 
polymer comprises a thermoplastic polymer material. 
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62. The article in accordance With claim 61, Wherein the 

thermoplastic polymer material comprises polycarbonate. 
63. The article in accordance With claim 47, Where in the 

tagging material is incorporated in to the polymer by 
coating, admixing, blending, or copolymeriZation. 

64. The article in accordance With claim 47, Wherein the 
polymer is used in a storage media for data. 

65. The article in accordance With claim 47, Wherein the 
polymer contains a coloring material. 

66. The article in accordance With claim 47, Wherein the 
tagging material has a temperature stability for a time period 
of less than about 10 minutes. 

67. The article in accordance With claim 47, Wherein the 
tagging material has a temperature stability for a time period 
of less than about 1 minute. 

68. The article in accordance With claim 47, Wherein the 
tagging material has a temperature stability for a time period 
of less than about 20 seconds. 

69. A storage medium for data comprising a polycarbon 
ate Wherein the polycarbonate comprises a perylene Wherein 
the perylene has a temperature stability of at least about 350° 
C., is present in a range betWeen about 10'18 percent by 
Weight and about 2 percent by Weight of the total 
polycarbonate, and is detectabile Via a spectro?uorometer at 
an excitation Wavelength in a range betWeen about 100 
nanometers and about 1100 nanometers. 

70. The method ofclaim 1, wherein the tagging material 
comprises a scintillation dye. 

7]. The polymer composition of claim 24, wherein the 
tagging material comprises a scintillation dye. 

72. The article ofclaim 47, wherein the tagging material 
comprises a scintillation dye. 

* * * * * 
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