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METHODS, AND ARTI CLES MADE THEREBY BACKGROUND OF THE | NVENTI ON The present

invention is related to identi pol ymer conpositions.
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I dentification of polynmer conposriké@ns Via spectroscopic tags. Autonated
I dentification of plastic conpositions is desirable for a variety of

applications, such as recycling, tracking a nanufacturing., source,
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spectroscopy have been wused to identi fgypl astic materials. Taggi ng

materials such as ultraviol et and HREREBYnfrared fl uorescent dyes have al so
been used for the identification of plastic conpositions. In Cyr et al.,

U S. Pat (ﬁﬂQ {‘N”\WI terials are placed in . materials such .
as digi ty%%lre}ipa g%g]??ﬁ}: near?g?llgaar ed fluorophore is incorporated into
the conpact disc via coating, adm xing, blending, or copolynerization.
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fl uorophorées are used there may be an inaccuracy in the signals that are

produced if the dye ages or |eaches under normal use conditions, which can
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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 fluorescent dyes have also been used for the identification of plastic

compositions.

In Cyr et al., U.S. Patent No. 6,099,930, tagging materials are placed in materials such
as digital compact discs. A near-infrared fluorophore is incorporated into the compact
disc via coating, admixing, blending, or copolymerization. Fluorescence is detectable
when the fluorophore is exposed to electromagnetic radiation having a wavelength

ranging from 670 nanometers to 1100 nandmeters.
1 i : . ‘ . .

Unfortunately, the use of fluorophores may be problematic under certain conditions.
For instance, if multiple fluorophores 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

fluorescence intensities.

Due to the multitude of articles made by polymeric materials, there is a 'g'rowing 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.
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fluorescence intensities. Due to the nultitude of articles made by
polyneric materials, there is a growing need to develop nethods and

t aggi ng ' that a manufacturer can use to identify I t. Thus,
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BRI EF SUMVARY OF THE | NVENTI ON The present invention provides a nethod for

i dentifying a polynmer, conprising providing in the polymer at |east one . .
t aggi ng rBiUEflSdJJMMﬁR&QFHHEM@NW@Nat erial conprises at |east one
organi ¢ fluorophore dye, at |east one inorganic fluorophore, at |east one
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wher ei n tragopartcle,ng amtbematmh them@lf mﬂmsexmthd taggmg amateriat hasna eemperanareophor e
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fi uor ophctability of af leash350ne asd s P’@é?ﬂ!d%talsﬁ ientananite schhatdhatagewre, or
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| east onaaggfgi mateAdAt Wh'echln wher@pging NMaterial comprises at least one organic
fluorophore dye, at-least one inorganic fluorophore, at least one organometallic
fluorophore , 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 sufficient quantity such that the tagging material is detectible via a
spectrofluorometer at an excitation wavelength in a range between about 100

nanometers and about 1100 nanometers.

'In yet a further,embodiment of the present invention, an article is prbvided comprising
a polymer wherein the polymer comprises at least one tagging material wherein the
tagging material comprises at least one organic fluorophore dye, at least one inorganic
fluorophore, at least one organometallic fluorophore, 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 sufficient quantity such that
the tagging material is detectible via a spectrofluorometer at an excitation wavelength

in a range between about 100 nanometers and about 1100 nanometers. .

BRIEF DESCRIPTION OF THE DRAWINGS



tagging material conprises at |east one organic fluorophore dye, at |east

one inorganic fluorophore, at |east one organonetallic fluorophore, at

| east one_se - ducting |um nescent nanoparticle, or cqnbination

t her eof Vkﬁ?’e@eﬁoﬁ%ghe tagging material has a tenperature & 56?%0?’18274& at

| east 350C and is present in a sufficient quantity such that the tagging

material is detectible via a spectrofluoroneter at an excitation wavel ength

in a range. between about 100 nanoneters, and about 1100 .nanoneters. BRI EF
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Excitati O@avmygh%&mﬁﬂ@manomt ers. Figure 2 depicts a fluorescence
spectrum of a fTuorescent tag incorporated into nelt polycarbonate after a
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present invention are insensitive to polyner additives and to chem cal and

physi cal g ngresint { iAGeridnY Ftes 1HEPRAFABEIO FagP iRk Vrated  ifiteS 5l§ﬁfe?sd. from
cl asses of dygrs t'halt exhi bit "hi gh%r%gbustg%elss g%gai Hjs%‘{r grfbllﬁen'? ‘envi ronnent al
condi t i onSpegtrbscepip dagst inckude tabbéast oye ofganic flerephoatycaitleasBHE inggadier abl y at
| east abo 7 re_preferabl t |east ut, 400C. . Typically, the
t aggi ng u8$6|p§%3e ’ %gg%a’;fg 055 r%%@mﬁ’%é‘ % ?lggﬁoPF‘l?rﬁ’ ?gfeaat ?'i‘erréerﬂgp%g"& Pess than

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 invention 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, prefefqbly at least about 375°C, and more preferably at least about 400f’.C.
’fypically, 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 typically in a range between about
100 nanometers and about 1100 nanome;efs, 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 nanometers and

about 2500 nanometers.

The tags of the present invention include organic, inorganic, or organometallic

fluorophores. Exemplary fluorphores include, but are not limited to, known dyes such
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about 10 m nutes and preferably, less than about 1 mnute, and nore
preferably, less than 20 seconds. The excitation range of these tagging
mat eri al isé} 6pi ally in a range between about 100 nanoneters and about
1100 nanoig? Pé,%s’;nd nore typically in a range between aB6H{USOH42
nanoneters and about 1000 nanoneters, and nost typically in a range

bet ween about 250 nanoneters and about .950 nanoneters; The em ssion range
of these tagging materials is typically in a.range between about 250 :
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Fl uor ophobemogizolylthigpheae (BBOT) v and kanthelesdyesncFludeophoics-oft hsgsreseat f t dyes
whi ch absorb in -the.-pear -jnfrared (\{vavel e,ngt%ﬁand emt in the visible
wavel engt HVERtiRn agp| Bigudg andi-siokes, sinf) dyes swhigh -

sui tabl e ldpd1BEaR 8 eflias ¢ ev’%,ﬁg%gélgﬁé*_et hyl i m nobenzo(a) phenoxazoni um
' 4 I

Perchl orate 7-7Am no- 4- et hyl car bost yr 7- Am no- 4- et hyl counarin

The following is a partial list of commercially available, suitable luminescent dyes.
5-Amino-9-diethyliminobenzo(a)phenoxazonium Perchlorate
7-Amino-4-methylcarbostyryl

7-Amino-4-methylcoumarin

7-Amino-4-trifluoromethylcoumarin
3;(2';Benzimidazolyl)-74N,N-diethy]aminocoumarin
3-(2’-Benzothiazolyl)-7-diethylaminocoumarin
2-(4-Biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole
2-(4-Biphenylyl)-5-phenyl-1,3,4-oxadiazole
2-(4-:Biphenyl)-6-phenylbenzo;gazol§-1 3
2,5-Bis-(4-biphenylyl)-1,3,4-oxadiazole
2,5-Bis-(4-biphenylyl)-oxazole

4,4°-Bis-(2-butyloctyloxy)-p-quaterphenyl
-4-
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7- Am no-4-trifl uoronethyl counmarin

3-(2'-Benzi m dazol yl )-7-N, N-di et hyl am nocounmarin 3-(2'-Benzot hi

azol yl)-7-di et hyl am nocounarin

2- (4- Bi pH\é‘h%’Wy@SS-M- t - butyl phenyl ) -1, 3, 4- oxadi azol e PCT/US02/20942

2- (4- Bi phenyl yl)-5-phenyl -1, 3, 4- oxadi azol e

2- (4- Bi phenyl) - 6- phenyl benzoxazol e-1, 3 .

_ 2,5-Bis-(4-biphenylyl)-1,3, 4-oxadi azol e 2,5-Bis-(4-biphenylyl)-oxazole

4, 4' - Bi s—p@Bistwtnyihglst}yyl'y}kyﬂzepe quat er phenyl -4 WD 03/ 006965 PCT/ US02/ 20942

p- Bi s(o-net hyl styryl)-benzene 5, 9- Di am nobenzo(a) phenoxazoni um Perchl orate
4- Di- cyanom et hyl. ene- 2- net hyl - 6- (p-di net hyl- am nostyryl)-4H pyran 1, |
'-Di et h>5|’9‘D2*}“2"“913:e§F?f6§§b§ﬂ? °'P‘BEI‘iIg°é° orgte _ pj et hyl - 4, 4' - car bocyani ne | odi de
3,3 -Diethyl-4,4",5,5" -di benzothiatricarbocyani ne | odi de : :
1, 1" - D et/ plcyndinett GRIDREMANEE-diReihYRminostyryM4H-pyrart: 1

"-Di ethyl -2, Z - di carbocyani ne |odi de

3,3 -Diethyl -9, 11-neopentyl enet hi atri carbocyani ne | odide

1, 3' - Di etlhl/IDigthyl-23(rrarbpgyaningdedidecyani ne 1odide 1,3 '-Diethyl-4,2

' -qui nol yi t hi acar bocyani ne | odi de

)

- Di et hylsapi =) LN xazoni um Perchl orate 7-Di et hyl am no-4-m
yl Codmfna@?ﬂu&l-gé_ Bé}é{)%h@%ﬁ%aﬁt rifluoromethyl counmarin ' '
i et hyl ami nocoumarin 3, 3' - Di et hyl oxadi car bocyani ne 1 odi de

3,3"-Diethyl-4,4",5,5°-dibenzothiatricarbocyanine lodide
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—
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. 1,  Die t.h-y]-.d;;d;'-dicarboéya{nihé g
1,1'-Diethyl-2,2’-dicarbocyanine Iodide
3,3'-Diethyl-9,11-neopentylenethiatricarbocyanine Iodide
1,3'-Diethyl-4,2 -quinolyloxacarbocyanine lodide
1,3"-Diethyl-4,2°-quinolylthiacarbocyanine lodide
3-Diethylamino-7-diethyliminophenoxazonium Perchlorate
7-Diethylamino-4-méthylcoumarin
7-Diethylamino-4-trifluoromethylcoumarin
7-Diethylaminocoumarin

3,3 '-Diethyloxadicérbocyanine lodide
3,3"-Diethylthiacarbocyanine lodide

33 '—Die.th.);]tﬁiadica;rbocyaﬁiné Iéc;id;
3,3'-Diethylthiatricarbocyanine lodide

4,6-Dimethyl-7-ethylaminocoumarin



3,3 -Diethylthiacarbocyanine |odide 3,3 -Di ethylthiadi carbocyani ne | odi de
3,3 -Diethylthiatricarbocyanine |odide 4,6-D nethyl-7-ethylam nocoumarin
-5 WD 03/.006965 PCT/ US02/ 20942 2, 2' - Di net hyl - p- quat erpl i engl

2, 2- Di meMR$3996%%3 phenyl  7- Di net hyl ami no- PCT/US02/20942

| - met hyl - 4- met hoxy- 8- azaqui nol one-2 7- Di et hyl am no- 4- net hyl qui nol one- 2
7-Di met hyl am no-4-trifl uoronet hyl coumarin

2- (4- (4- D net hyl am nophenyl ) - 1, 3- but adi enyl ) - 3- et hyl benzot hi azol i um

Per chl or &, Z-Dimethyl-p-quaterphenyl = '

2- (6- (p-Di net hyl am nophenyl ) - 2, 4- neopent yl ene- 1, 3, 5- hexatri enyl ) - 3-

nmet hyl benzot hi azo] i um Perchl or ate '

2- (4- (p- % ’W&’&iﬂ'ﬁ%ﬁ“é‘ﬁ@ )-1, 3-butadi enyl )-1,3,3-trinethyl -3Hindol i um

Perchl orate 3, 3'-Di net hyl oxatri carbocyani ne | odide 2,5-D phenylfuran

2, 5- Di phenphn&hgaantho- fnfethyR4PRethsk ¢-Bidzbqiifolohe-2 S

-Et hyl - 4- (4- (p-Di net hyl am™nophenyl’) - 1, 3- but adi enyl ) - pyri di ni um Perchl orate

| - Et hyl - 2-(4-&&2- Di et hyl am_nophenyl ) - 1, 3- but adi enyl ) - pyri di ni um Perchl orate

| - Ethyl 7-Dimethylgmijodmefhydanindpnedyl )- 1, 3 -but adi enyl ) - qui nol i um

Perchl orate 3-Et hyl am no-7-ethyli m no- 2, 8-di net hyl phenoxazi n-5-i um

Per chl or a}_g:.9- . A1 | S Laa=-1 0- met hyl - 5H benzo(a) phenoxazoni um

Per chl or:% Q’Bﬁgﬁb@m%ﬁ%&é%%kwﬂan?n fl uoronet hyl coumarin

7- Et hyl ami no-4-trifl uoromet hyl counmarin
2-(4-(4-Dimethylaminophenyl)-1,3-butadienyl)-3-ethylbenzothiazolium Perchlorate

2-(6-(p-Diri1'éthylémi'ri&-];hgnﬁ53:&5&5&5&erié-i;é,-S;héXétri.enyl);3- |
methylbenzothiazolium Perchlorate

2-(4-(p-Dimethylaminophenyl)-1,3-butadienyl)-1,3,3-trimethyl-3H-indolium

Perchlorate

3,3’-Dimethyloxatricarbocyanine lodide

2,5-Diphenylfuran

2,5-Diphenyloxazole

4,4’-Diphenylstilbene
1-Ethyl-4-(4-(p-Dimethylaminophenyl)-1,3-butadienyl)-pyridinium Perchlorate
1-Ethyl-2-(4-(p-Dimethylaminophenyl)-1,3-butadienyl)-pyridinium Perchlorate
1 -Etﬁy]-4-(4-(p-Dimethylaminophenyl)-1 ,3-butadienyl)-quinolium Perchlorate
3-Ethylamino‘_-7-‘ethy.limino-2,8-dimethylphenoxazin-5-ium Perchlorate
9-Ethylamino-5-ethylamino-10-methyl-5H-benzo(a)phenoxazonium Perchlorate
7-Ethylamino-6-methyl -4-trifluoromethylcoumarin

7-Ethylamino-4-trifluoromethylcoumarin
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- 6 WO 03/ 006965 PCT/ US02/20942 1,1',3,3,3",
-Fbxainethyl 4,4 /5 5" -di benzo-2, 2" -i ndotri carboccyani ne | odi de
1,1,3,3. 3 Hexaret hyl i ndodi car bocyanl ne lodide 1,1,

3 3
Hexamet h?'ﬂq:f%@éér bocyani ne | odide 2-Methyl-5-t-butyl - p- ypsﬁzﬁﬂﬁnyl
N-Met hyl -4-trifl uoronethyl pi peridi no-<3, 2-g>counmarin
3-(2' - N-Met hyl benzi m dazol yl )-7-N, N-di et hyl am nocoumarin 2-(]
- Napht hyl ) - 5- phenyl oxazol e 2, 2' - p-Phenyl en- bi s(5-phenyl oxazole). 3,5,3 "

,5 " M- Ter3¢B,3 ,jjd{qthtmnwp,lsﬁ’i-}dlbe’ﬂz&z&"'1i’|dd1nt’:arboccyamne lodide
"-Tetra t - butyl - p- qui nquephenyl 2,3,5,6-1

H, 4H Tetr et no- <9, gh>coumar| n 2,3,56-1
H, 4H Tet rlg]héga[-g Bl Bé@‘cyﬁBE‘;ﬁhEﬂ’ RIYRDIng °d&é _gh>coumarin 2,3,5,6-1
H, 4H Tet r ahydr o- 8- net hyl qui nol i zi no-<9, 9a, 1- gh>courrari n 2,356-1

H, 4H Tet nahady 9. P:-Hkaethytinliotridatbo&ahieNodide, 9a, | -gh>coumarin 2,35, 6- 1
H, 4H—Tetrahydro 8-trifluoronethy]quinolizino-<9,9a,l-gh>counmarin 2 3,5,6-1

H, 4H Tetr ah dro ui nol i zi no- <9 9a | -gh>coumarin 3,3 ,2 ",3
"'-Tetra g—dm @rq}w&w enyl 5 2 " 5" Tetrarret hyl - p- qui nquephenyl
P-t er phenyl P—quat er phenyl -7 V\D 03/ 006965 Nil e Red Rhodam ne 700 Oxazine

750 N-Methyl-4-trifluoromethylpiperidino-<3,2-g>coumarin
3-(2’-N-Methylbenzimidazolyl)-7-N,N-diethylaminocoumarin
2-( ] -Naphthyl)-Sphenyloxazo]e
2,2"-p-Phenylen-bis(5-phenyloxazole)
3,5,3"""",5"" " -Tetra-t-butyl-p-sexiphenyl
3,5,377"",5""""-Tetra-t-butyl-p-quinquephenyl
2,3,5,6-1H,4H-Tetrahydro-9-acetylquinolizino-<9,9a,1 Qgh>coumarin
2,3,5,6-1H,4H-Tetrahydro-9-carboethoxyquinolizino-<9,9a,1 -gh>coumarin
2,3,5,6-1H,4H -Tetrahydro-S-me'thyl quinolizino-<9,9a,1- gh>c_9uma{rin - i
2,3,5,6-1 H,4H-Tetrahydro-9-(3-pyridyl)-qﬁinolizino-<9,9a, 1-gh>coumarin
2,3,5,6-1H,4H-Tetrahydro-8-trifluoromethylquinolizino-<9,9a,1-gh>coumarin
2,3,5,6-1 H,4H-Tetrahydroquin_o]izino-<9,9a,1 -gh>coumarin
3,3°,2"",3"""-Tetramethyl-p-quaterphenyl
;2,5,2 g '.;,5 2 '-Tct'rame'thyl:-p-quinquepheﬁyl
P-terphenyl

P-quaterphenyl



Rhodam ne 800 IR 125 IR 144 1R 140 IR 132 IR 26 IRS5
D phenyl hexatri ene D phenyl but adi ene Tetraphenyl but adi ene Napht hal ene

Ant hracene 9, 10-di phenyl ant hracene Pyrene Chrysene Rubrene qzﬁgrlonene
PCT/ USO2VAWBIERS 8" \ip 03/ 006965 PCT/ US02 20942 Phenant hr BGETS Pags of
the present invention may al so i nclude sem -conducting | um nescent
nanoparticles of sizes in a range between about | nanoneter and about 50
nanoneters. Exenplary sem -conducting | um nescent nanoparticles include,
but are" mglé Rédmited to, CdS, ZnS, Cd3P2, PbS, or conbinations thereof.
Sem - conducting | um nescent nanoparticles also include rare earth

alum nates including, but not limted to,
Rhodamine 700g

Oxazine 750
Rhodamine 800
IR 125
IR 144

IR 140
IR 132
IR 26
IR5
Diphenylhexatriene
Diphenylbptadiene
Tetraphenylbutadiene : - : o [
Naphthalene
Anthracene
9,10-diphenylanthracene
Pyrene
Ch&sene
Rubrene

Coronene



strontium al um nates doped with Europium and Dysprosium In a preferred
enbodi nent, tagging materials such as peryl enes such as Anthra[2 1,9- def
6;5,10-d e’ f%{dIISOQUI noline-1, 3,8, 10(2H, 9H)-tetrone, 2,9-bis[2;6-bis(1-

met hyet hyY9 BH&I9¢S - 5, 6, 12, 13-t et raphenoxy are utilized. CBRE ?"g’ci’i‘%)n of
the tagging materi al depends on the quantum efficiency of the tagging
material, excitation and em ssion wavel engt hs, and enpl oyed detection
techni ques, and can typically range from about 10" 18 percent. by wei ght and.
about 2 lﬂﬁhﬁ]ﬂhfenby wei ght of the total polyner, nore typically range from
about 10"15 percent by weight and about 0.5 percent by weight of the total
pol ymer, and nost_typically range from about 10' 12 percent by wei ght and

about 0. 0ENG a8 9ft thsyPressnyHpventiopymay glsg nchideseay-conglieing Jumingseent x anpl es
of pol y"%sa?mpsmales 678260 4 rbhd 2w b gt 1 REAHRAL B ¥BEH B hanbiEteticle.  but
are not l'imted anor phous; cryst i ne sem -crystal

t her.nopl aExamplamtseml-abmducpng ymnmytcenhhmopam;:lepmMcebmtme ﬁotﬁu’nmcﬂ tog, but

not limt d cycl efins and ingl ydi t hyl ene,
Chl or i nat B paSe GRS, ‘g FombBlren drrsiia” SrErerRbring Jiphesit

(i ncl udi %noi?&ﬁlcl'éé’talbd rihé]@ﬂ'e txﬁre re@hr{eélbmhﬁ&@ incRIJBRN LA ﬁételmi?l@hW%Ut yl ene
terepht hal ate, pol ycycl ohexyl met hyl ene t er epht hal ate, and the Iike),

pol yam des;ronpumﬂ-emfr@wéglom with diurepiuand Ryspriositine ed t o, hydr ogenat ed
pol ysul fones; and the like), polyimdes, polyether imdes, "polyether,

sul f ones, RE@S{{ Ye%ﬁ%b%ﬂ éH'tfaggiﬁggna?élJianL fi'a s‘i@é&{%@?s di’xloéls@ﬁtg:g[%,g,?ber ”

ket ones, esi ns, ysty I nc I'ng,
hydr ogenadefnﬁ H0- ;l'sﬁ‘ydxfsnmnoh;gmuB;S;m(zHQH)aaﬁ)mt acti c’poR,gis[R Grisis(]-

pol ycycl ohe ene, n oacr lonitrile, styrene-co- naleic
anhydri deM® é&ﬁhﬁw V]E'S)a?%ﬁ'iﬂﬁp ey & b‘gﬁ?gcryl ates (including, but not
-9 WO 03/006965 PCT/ US02/20942 limted to pol ynet hyl net hacryl ate, nethyl
net hacr yl gbgeR@htionTofl@he Q%Wa‘ﬁena@f&f)eﬁd%eoﬂ ithee uarit@hy eficieh &N of rthé €.

pol yacet al s, pol ycarbonates, pol yphenyl ene ethers.
tagging material, excitation and emission wavelengths, and employed detection
techniques, and can typically range from about 10 percent by weight and about 2
percent by weight of the total polymer, more typically range from about 10" percent
by weight and about 0.5 percent by weight of the total polymer, and most typically
range from about 10" percent by weight and about 0.05 percent by weight of the total

polymer.

Some possible examples of polymers ‘:which can be ut’ilizled for the ;xresent invexﬁion
include, but are not limited to, amorphous, crystalline and semi-crystalline
thermoplastic materials: polyvinyl chloride, polyolefins (including, but not limited to,
linear and cyclic polyolefins and including polyethylene, chlorinated polyethylene,
polypropylene, and the like), polyesters (including, but not limited to, polyethylene
terephthalate, | polybutylene terephthalate, polycyclohexylmethylene terephthalate, and
the like), polyamides, polysulfones (including, but not limited to, hydrogenated
polysulfones, and the like), polyimides, 'pdlyéther imides, ‘polyether sulfones,
polyphenylene sulfides, 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, polyacrylates (including, but not
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(including, but not limted to, those derived from 2, 6-di net hyl phenol and
copolyners wth 2,3,6-trinethyl phenol, and the like), et hyl ene-vi nyl

acet at e copal rs, polyvinyl acetate, liquid crystal polyners

et hyl ene-WgtO?égg%ﬁ%r oet hyl ene copol yner, aromatic pol yest TUSBRO342 ny |
fluoride, polyvinylidene fluoride, polyvinylidene chloride, Teflons, as
wel |l as thernosetting resins such as epoxy, phenolic, alkyds, polyester
polyi mi de, polyurethane, mneral. filled silicone, bis-maleim.des, cyanate

est elr S, Viinted to,amiyinetln;rbn@thé@jdmteengthy@meﬂsagrylae@dmmndnmdpolyhiemdmd ‘
copolyners, ur acti.on roauct s n CO (O] CcO Nl si at | east
one of t hée 5}&5@,0 m@yaﬁnﬁ e, polyacgtals, ~polygebang m.qi %w*e gttt -

" pol ycarb B anc ovﬁﬁ{.aara@ttﬁosfe éd Hofi,6- d?rﬂ&h I ﬁa{mﬁa&a guprising
aronmati c al n uni tS | ncl udes COITpOSI %III,S havi n ruct ur al

units of wnth . b,ﬁnnhnthylghenol anchhe Gke), emybenemnWammaCo}iOéﬁBers,qmmun)sO
percent of t

| d
Fhe. bal aneeiine YR So8anehRurcoRYRNE puRnto 6P En eppbnapoaie  ©
Pr ef er abl %olfy%teﬂss Mﬁ”ﬂhbﬁd@r g@?*/ﬁléhde%dl ﬂ%n@d%OIWhﬂlldHnef eKiakde, 2

radi cal forrrula(ll) wherei n eac and A2 i s a
nmonocycl i & eﬂmealaerwellaag/theﬂa@ﬁe@mg wesigs yuch gs gpaxyi phenedic, alkyds Molyester.ng one

or two at C |.n a | one

at om sepapapitid PoIpERRaEE Syifpral SIS fijeorenn At EanaIREE BOL, G Ca
of this tyiﬁui banscyélobutese resin$( @) addlffoxﬁ(t@B)ends, @ﬁ)@ymemﬁhixydr&d’,leeam}bﬁl ohexyl -
nmet hyl ene, [2,2,1]-Dbicycl ohepty ene, g‘él i dene, | sopropyl | dene,
“neadpent yl PH@HE*S a"é?@’l"ﬁﬁ% F‘P’BE’H%"BE E‘I‘%B’é%? EE"}WH@&B asiGSei-ododecyt i dene;
and adamantyl i dene. The bridging radical Y can be a hydrocarbon group or

a satur alt @% Qy&lr %?éiﬁ’oﬁé)rté}% Sy6lycarBénate®l MpoRRErboRMe! ediepositioheNqnar
i sopropylidene. -
“composmon comprising aromatic carbonate chain units” includes compositions

having structural units of the formula (I):

0

——R'—o—"—o—— )

in which at least about 60 percent of the total number of R' groups are aromatic
organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic radicals.
Preferably, R!is i.,'an aromatic organig¢ radical and, more prq‘fex.'ab:ly, a radical of the
formula (i]):' B

__Al___yl___AZ_ (H)

wherein each of A' and A?is a monocyclic divalent aryl radical and Y! is a bridging
radical having one or two atoms which separate A' from A% In an exemplary
embodiment, one atom separates A' from A2, Illustrative, non-limiting examples of
radicals of this. type are.-O-', -S-, -8(0)-, {8(0y)-, -C(O)-, methylene, cyclohexyl-
methylene, 2-[2,2,1]-bicycloheptylidene, ethylidene, isbpropylidene, neopentylidene,
cyclohexylidene, cyclopentadecylidene, cyclododecylidene, and adamantylidene. The
bridging radical Y' can be a hydrocarbon group or a saturated hydrocarbon group such

as methylene, cyclohexylidene or isopropylidene.
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WO 03/ 006965 PCT/ US02/ 20942 Pol ycar bonates can be produced by the

I nterfacial reaction of dihydroxy conpounds in which-only one atom
separates._ A' _and A2. As used herein, the term "di hydroxy _conpound"

i ncl udes, WP %hpl e, bi sphenol conpounds havi ng gener al PFE&EB?%”(‘?I 1) as
follows: (Ra)p (Rb)g OH wherein Ra and Rb each represent a hal ogen atom or
a nonoval ent hydrocarbon group and nmay be the sanme or different; p and g
are each independently integers fromO to 4, and Xa represents one of the
groups of Palycarbommtesicah be Broducéd bytheRitesfladalabactibh ofidihy@Rdxg@ompowdispendent | y

represent a, hydrogen atom or a noval gnt = |inear or clic hydrocarbon
group andWRich;enly %F\Pé?@rﬁePWQWFgg'a??fgﬁqgrﬁﬁb’.seégﬁ@‘q’It%é?%t ‘?E%Xémmﬁn; o
limting 8; [ ' i é&f‘a g.giﬂ E g phenol s
and the di rggy-'ﬂ%d?g’if?ﬁ% g?’(r)m t%mhyggogg%rgﬂ%hc ésfe §(mzams or .

formul a (g=fodloivs: or specific) in U S. Patent 4,217,438, which is
I ncorporated herein by reference. A nonexclusive list of specific exanples
of the types of i sphenol coqpounds that may be represented by fornul a
(11r1) includes t PfollomﬁnéB 91,1 -bis(4-hydroxyphenyl) nethane;
1, 1- bi s(4- hydr enyl) e 2, 2- bi s(4- hydroxyphenyl) propane
(her ei naf ~Li v ol, 2, 2-bis(4- hydroxyphenyl) butane;
2, 2- bi s(4-hydr nyl) o&ang; 1, 1-bis(4-hydroxyphenyl) propane; '
1, 1- bi s(4- hydr oXyp Ut ane; bK§D4-hydroxyphenyl) phenyl et hane;
2, 2- bi s(4- hydroxy-| -net hyl phenyl) propane; 1, 1 -bi
- S(4- hydr oXmeletDR uPREEihheprBi AP RBlog RORYSH YA Mokt AldiBBRBoMBlIpas
2,"2-bi s(4-hydf oxy- 3- brorfophenyl™)™ propane; "I, 1-bis(4-hydroX phénylg"'“ "
cycl opent ambmayhd ths sarieyedt difksremty p pné g @raxsck indspendently integers from 0 to 4;
and X® represents one of the groups of formula (IV):

—_—C— or —C—

R¢ av)

wherein R and R? each independently represent a hydrogen atom or a monovalent

linear or cyclic hydrocarbon group and R® is a divalent hydrocarbon group.

Sor:ne illustrative, nonglimiting examples of suiialg]e dihydroxy compou;lds include
o dihydric phenols a.'ﬁd:the dihydroxy-substituted aromatic hydrocarbons disclosed by
name or formula (generic or specific) in U.S. Patent 4,217,438, which is incorporated
herein by reference. A nonexclusive list of specific examples of the types of
bisphenol compounds that may be represented by formula (1II) includes the following:
1,1-bis(4-hydroxyphenyl) methane; 1,1—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.; 1,1-bis(4-hydroxyphienyl) n-butane; bis(4-hydroxyphehyl) phenylniethanc;
2,2-bis(4-hydroxy-1-methylphenyl) propane; 1,1-bis(4-hydroxy-t-butylphenyl)
propane; bis(thydroxyaryl) alkanes such as 2,2-bis(4-hydroxy-3-bromophenyl)
propane; 1,1-bis(4-hydroxyphenyl) cyclopentane; and bis(hydroxyaryl) cycloalkanes
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-11 WO 03/006965 PCT/ US02/ 20942 such as 1, 1-bi s(4-hydroxyphenyl)

cycl ohexane; and the like as well as conbinations conprising at |east one
of the foregoin It is also possible to enploy pol ycarbonates resulting
from t he W 65zation of two or nore different dihydri RCHHE®RM,, 5
copol yner of a dihydric phenol with a glycol or with a hydroxy- or
acid-term nated polyester or with a dibasic acid or wwth a hydroxy acid or

with an aliphatic diacid i.n the event a carbonate copolyner rather than a

homopol yrgaeh ia§ 1debis(ellydreNyphesyl) GrNfeRardey andisie like & Wehakicombiragbsts have
from2 to about 40 carbons. A preferred aliphatic diacid is dodecandioic
aci d. Pol spmpyisinged %ﬁ‘cpne[ﬁflﬂlﬂef@ﬁgp%r bonate resins or their blends can also
be enpl oyed Branched pol ycarbonates are al so useful, as well as bl ends of
|l i near p YE

pol ycar bglna éé&ﬁg@ %?dqg”@a’/gég}é %A%?Sylg%%ranc Ml gﬁg?:;%i\t u§| rvlvg0

pol yneri z@trore. dlﬂheﬂedlbydrru:;bhmg]sagammomrwéIaldnlkydowphami witly a ghyepk | se

pol yfuncti ona ounds c I ni n thre funciional

Gr oups mmch“hs@E’g‘goﬁ¥/de§§} SEEaR G Ry eieh oo gt S Ba BEE HRIT or myl
and m xt u 6Ni‘ﬂ9ax@£hﬂh‘ﬁﬁéala@|’a€in @c evieha éé?ﬁ&ﬁﬁ% é&olﬁﬁ?&tﬁéﬁhﬂ%a”p| €s
I ncl ude tr| l1tic acid, trinellitic anhydride, trinmellitic trichloride,

tris-p- hyajhmypqiymmyis d@smln@r upes aGenerddlys vpefuhaliphatie diacisisdawe frog 2 to

1, 3, 5- h ). A0S I

(a4 1, 140t 50 SHOUR:A Biiod SORAG viadit IR ASAR IS Gt ARG Mibenol )
4- chlor of gl yRsteriebibionte C resm8 huflrthele, blefidsTRah Calss i Be adifiplogstz opBednehed
~tetracarboxylic acid, and the I'i ke’ TFhe “branching agents my be_ added at a

| evel of pMukarbapates are alspousefpl, pswwelhas blepdsenf linem; aﬁlyﬁﬂrhgn%éﬁésa and
d
Dot Nehdtisd FRcaboRiieT ANE braith s AERPRBOGlesthey HEfpariitty dhdirk o,

groups. abranching sgent durintggpolymeremdtior ef err ed pol ycar bonat es are based on
bi sphenol A, in which each:of Al and A2 is p-

These branching agents are well known and may comprise polyfunctional organic
compounds containing at least three functional groups which may be hydroxyl,
carboxyl, carboxylic anhydride, haloformyl and mixtures comprising at least one of
the foregoing. Specific examples include trimellitic acid, trimellitic anhydride,
trimellitic trichloride, tris-p-hydroxy phenyl ethane, isatin-bis-phenol, tris-phenol TC
(1,3,5-tris((p-hydroxyphenyl)isopropyl)benzene), tris-phenol PA  (4(4(1,1-bis(p-
hydroxyphenyl)-ethyl) alpha,alpha-dimethyl bénzyl)phenol), 4-¢hloroformyl phthalic
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
U.S. Patent. Nos. 3,635,895 and 4,001,184. All types of polycarbonate end groups are

herein contemplated.

. Preferred polycarbonates are based on bisphenol A, in which each.of A' and A? is p-
phenylene and 'Y' is isopropylidehe. Preferably, the average niolecular weight of the
polycarbonate 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.
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phenyl ene and Yt is isopropylidene. Preferably, the average nol ecul ar

wei ght of the polycarbonate is about 5,000 to about 100, 000, nore
preferably about 10,000 to about 65,000, and nost preferably about 15,000
to about Vé% O8I 12 Wo 03/ 006965 PCT/ US02/ 20942 i In nonPE 0247

eval uati ng pol ycarbonate synthesis, it is of particular interest to
determ ne the concentration of Fries product present in the pol ycarbonate.
As noted, the generation of significant Frjies product can |l.ead to pol ymer
br anchi ngin mesitdrin'gnamd avalwingr}mlyﬂaﬂmhhte'syathesib,ehaisiodirparti@sx]ansimﬂréstetoei n, the

terms "Fr es" %5 Fries I’Od*.l t" note a rep atlﬁg Enlt 5ol ﬁcar bonat e
havi ng t t‘f"H&"ﬂﬁﬁ Cpugentrghien @ ‘§§aprP uct prgseat inrthe polyFargpnate; 6@ #fped in
connect i %e\gbﬁé?atF&xrm,gnﬁédnt Fried$:2864tREH 1482 Polyiite bRRIHIn! RANBLE

conposi tion"nay also include various additives ordinaril y | ncor%or ated in:
re5| n conpeentroliable wikltthchaviory pas usddhereiddtheiterars éﬁms” fmﬂr “Ertesrpuoduct” fillers

reinforc ent s eat st I oxi. d - light stabilizers;
pI asti ci z‘iﬁ"g{%gaa'ﬁg?aé'f'ﬁfupg l%&%lﬁfag{i)o%q VF@ @53 ]%1 nt s addi ti onal resins;
bl owi ng agents; and the |like, as well as conblnatlons conprising at |east
one of the foregoi@®y, add|t|VQ§5 Exanpl es of fillers or reinforcing agents
i nclude glass fib asbesto carbon fibers, silica, talc and cal ci um
carbonat e. Exanpl/e i zers incl ude tri phenyl phosphite,
tris-(2,6-di —PHi s- (m xed nono-and di -
nonyl phenyl ) phospui nene phosphonate and tri net hyl phosphate.
Exanpl es of anti oxi dants includeoctadecyl-3-(3, 5- d|-tert butyl
hydr oxyphenyl ) pr opi onate, ‘and ' o
pentaerythrityl-tetrakis[3-(3, 5- i-tergv?utyl 4- hydroxyphenyl)proplonate].
Exanples of light stabilizers include 2- hydr oxy- 5-

" met hyl phenyl ) benzotri azol e,
2-(2- hydrwkgreii X8ris - o dtivdlgitemdicyl ke niestritied zim eenmndorﬁ-wﬂiyd-‘numy]a%ﬂ) oct oxy
benzopheng %x%ngles of plasticizers include dioctyl-
escribed above.

The polycarbonate composition may also include various additives ordinarily
incorporated in resin compositions of this type. Such additives are, for example,
fillers or reinforcing agents; heat stabilizers; antioxidants; light stabilizers;
plasticizers; antistatic agents; mold releasing agents; additional resins; blowing
agents; and the likg, as well as combinations comprising at least one of the forégoing :
additives. Examples of fillers of reinforcing ‘age'nts include glass fibers, asbestos,
carbon fibers, silica, talc and calcium carbonate. Examples of heat stabilizers include
triphenyl phosphite, tris-(2,6-dimethylphenyl)phosphite, tris-(mixed mono-and di-
nonylphenyl)phosphite, dimethylbenene 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-hy'droxy-5-tert-oCt)jlphenyl)-benzotriazdle- and 2
hydroxy-4-n-octoxy benzophenone. Examples of plasticizers include dioctyl-4,5-
epoxy-hexahydrophthalate, tris-(octoxycarbonylethyl)isocyanurate, tristearin and
epoxidized soybean oil. Examples of the antistatic agent include glycerol

monostearate, sodium stearyl sulfonate, and sodium dodecylbenzenesulfonate.
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epoxy- hexahydropht hal ate, tris-(octoxycarbonylethyl)isocyanurate,
tristearin and epoxidized soybean oil. Exanples of the antistatic agent

i ncl ude g&écerol nonost earate, sodium stearyl sulfonate, and sodi um
dodecy! be¥98H8¥3P% onate. - 13 WD 03/ 006965 PCT/ US02/ 20942 BSENSIO9%: nol d
rel easi ng agents include stearyl stearate, beeswax, nontan wax and
paraffin wax. Exanples of other resins include but are not limted to

pol ypr.opyl ene, polystyrene, polynethyl nethacrylate, and polyphenylene
oxi de. Oomaampltes oflmollfrehaaslmg agemﬁmcmeegmymgteaddeg béeswax,montiiewasand Such

addi tives be m Itabl e, tlrre during the mX|n of the
corrponentBafP Vet méﬁ@mP f& ot pthsbEssins dclude,but s potdimited torpo :8}59%% and

t aggi ng ﬁo’i}ﬁn TR dditives

ordinaril lsﬁg%r por at ﬁ I n rgiﬁrﬂ&ggﬁnfg Si rdlhgﬁy;]%e]}’o:?%é?gé%%g%@&déu an)gddl tives
may i ncl udfthenforegeingaatditives ewty tet uded] i Sueh sadditives may deimixedena suitdbdd r a

al kyl amTDnl ug‘la henzene. sul f ate salts, P ft ra kyl hosphoni um benzene

sul f onat elMEAUFIBE "‘frfgeo G EIMPRSYS TPEiogRuie eécg&msg Hpent aeryt hri tol

tetrastearate; glycerol nonstearate, and the like), and the |ike, and

conbi nat i gNad&ABR tb Sthe HoBimdreat ta Pgi‘hg%atehﬁlle th® c6pbdiGon iy SptdRRIE. the

substrate can conprise_heat stabillzer in a range between about 0.01

wei ght peinchide vanguspdditives, qumnb'ntncg@pmq in Eesinagemposidions of funtypei n a

range bet I t g e t; and a

nol d rel eg‘gﬁaﬁéjﬂgéﬁ %aﬁ%n@ﬁhé’%ng}gitd \%\@gnh {1}?}8}&& Oanﬁ %k ‘gé (l:]%n t&g%d about

| wei ght alkyranfrmimmﬁ bz:nnﬁeobuﬂfehﬂas&ahg mgemlkylmmnhmrbeﬁMe tsotfaiatd\m ght of

“the pol yrrer, . possi bl e oxi dant s i ricl ude '
or ganopho&ifi taegE th like), i ﬁfsmg 8RS (P mfm‘bﬁrcﬁ etetrastearate glycerol

tris(2, 4- dionkrektdiey Eﬂi’ﬁﬁmk)ep%aﬁﬁ'é liRe, 4hdTombiationd ccimpnsmg at least one of

btttyl phenyl )pent aerythri tol di phosphite, distear pentaerythritol

di phosphi t}@ tonegoinge Fpr R&am}dt,kwmwmmlph'emhsq ead| spgbiilézreo lis aarangel kyl at ed

Lot r ak o[ MR ety P RERLROCT Al SR T FBtenR BPerts an abin S el e,
3, 5-di -t efrf alrtige betwbsrdatay IO}OIFWEﬂghﬂp&’aéxﬂ 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-
bﬁtylpheny])pentaerythﬁtol 'diﬁhbs’phite, distearyl pentaerythrito] diphosphite 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-tert-butylphenyl phosphite, and the like; butylated reaction products
- of para-cresol and dicyclopentadiene; alkylated hydrbquinones; hydroxylated
thiodipheny! ethers; alkylidene-bisphenols; benzyl compounds; esters of beta-(3,5-di-
tert-butyl-4-hydroxyphenyl)-propionic acid with monohydric or ‘polyhydric‘- 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-
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octadecyl, 2,4-di-tert-butyl phenyl phosphite, and the |ike; butylated
reaction products of para-cresol and dicycl opentadi ene; al kyl ated

hydr oqui ngnes: Xdroxylated t hi odi phenyl ethers; al kylidene-bi sphenol s;
benzyl cONBEHPYLS esters of beta- (3, 5-di- PCT/US02/20942
tert-butyl 4- hydr oxyphenyl ) -propionic acid with nonohydric or'pol yhydric

al cohol s;' esters of beta-(5-tert-butyl-4-hydroxy-3-nethyl phenyl)-propionic
acid wi th monohydric or pol yhydric alcohols; esters of thioalkyl ar
thioaryl lydemophetsyl)- -propionixsacid;f and edike) es wdil <1 e;arrmiﬁahbﬂs)mppxﬁmnag at

di I auryl t hi opr op dltrldecylthlodlproplonate and the |ike; am des

- of beta- (lsa%s)awf\%ﬁtorsa?ty&zl 14 WO 03/ 006965 PCT/ US02/ 20942 hydr oxyphenyl )
propionic acid; and the like, as well as conbinati ons conprising at Ieast
one of th r Ntd.3l S ma .
conpri se: Gﬁlpaﬁgg#t%gr%ﬁth?tgaﬁﬂfcﬁzgﬂra gﬁg‘ﬂﬁﬁlby&l ﬁﬁ g%d tpé)ro %det abi I i zers
(e.g. acstablh'zqm(mphcnsobghtbamiadhemnlrmbnimm (dg. nckercbd phlosploreus-tasett oxi de,

zinc sul fide artl r. conbi nation ther | uhri cants neral oil,
ZhdCthe | SRR iTtees Puchlly iR, 68e MG, Bids, PHECIehete FOPIIRGHR i s,
azobenzenméreoﬂmdbﬁmtd (1kfhkral JAD R W Bk S), ppa%nai@érk dyes GREP 'aE‘%t ¢dléiing
conprising at ‘l'east one of thefore oin itives.” In order to aldlnthe

pr ocessi nupaigriak (quinirsasy arobenzsnes, ?E@uﬂtﬁrhky?rﬁmoﬁéﬁhﬁmaﬁ wvellagicampinations  may
al so be e r other m xing device. The
cat al yst &gﬁl}/ceg ?tq@aglsaéﬁles f{s}hél ﬂﬁc@ﬁ%%ﬁ{ ng the viscosity of the resulting

mat eri al. Possible catalysts include hydroxides, such as
t'et raal kylneordemtowaid mstte proceéssing dfcthe gallykry:f mlanmphdyipolylcmdnmg,iqam]ysg(g)j the -

li ke, with di | di met hyl ammoni u h oxi de and tetrabu ho oni um
e ox ! demay a0 BmPIoHad, ap B iibs Fribes gk oher BEnE dearbrha colyel

conbi nat i @BicHly MsSsi8 Ninh 8birotlied) RS vRebSS of YEd ré&uRIEORRRSL.C PRSI and the
like. Adde'Pllcon% i , Wwat er r hKéSe I Nj ect?dol ntorfszletmgg ymara melt during

conpoundi eafalystsi rtmblded bsdmmde&, vawdy tasr otejtaalkylagmoniemr e bydrexidesi dual
volatile

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 polymer melt during
compounding and removed as water vapor through a vent to remove residual volatile

compounds.

The polymer is produced by using 5 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 polymer processing into articles, or
combinations thereof. The spectroscopic tag can be inéorporated 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 si'rr.iulfaneously fed
through a hopper into the extruder, or the spectroscopic tag can be optionally added in
the feed throat or through an 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 portion of the polymer. Methods for incorporating the
-15-



conpounds. The polyner is produced by using a conventional reaction vessel
capabl e of adequately m xing various precursors, such as a single or twn
screw extruder kneader, blender, or the like. Spectroscopic tags can be

i ncor por VQE3Y963 t he pol yner in the pol ymer manuf act ur i Rg 944 ur i ng
pol ynmer processing into articles, or conbinations thereof. The
spectroscopic tag can be incorporated into the polynmer such that it is

uni formy di spersed throughout the polynmer or such that it is di spersed on
a porti ongRbirbitvpicnag ¥its the J&]ﬁn&Q'nM]'ﬁﬁé B SIS Batiiil) 2l dgz gMth the
spect roscopi ¢ tag (e.g., in a pellet, powder, and/ or |IC]UI form and

si mul tanegumppmzatlm -ough a hopper into the extruder, or the

spectroscopi c tag can be optlonally added in the feed throat or through an
al t er nat e.1j - 1R r
nmol di ng. &?legﬁ{a{jf}ys,%%& b9 {}Erte%lrnegaaﬁ gﬂgﬁl{ggﬁc egrgptgcrtn(rgfct)scopl c tag
can be di peignee qbremmrqownhommaoﬁmg hieccm;bqsm thMBbhO(FSr fpolycarbowatgofonrt i ng t he
-15 WD 03/ 006965 PCT/ USOZ/t2%942 2(sqggéctrosco% c.tag into the oI yrrer i ncl ude,
for exanpPEmRIsAEMREratueR95a0aHt 220 6o abRyt 3667C E@g‘?ﬂ ’3‘;%?8*?”% WK 269%e
extruder shonlhf 399° r@f*eahaﬂecklanaﬁ,ﬁsméfres%aeé tind indthe! GHRAEALIYR be e !
the polynmer precursors w thout causing deconposition thereo or

pol ycar bonaritemllefldo mlemmpHeqommenatRmdsnamlmMu12®0£bduo2ahmutes ®60C can
be used, with about 2 to abo t ref rred rly esi dence
U FIOTB.SE B Pmdosh ATBvP oo piero T S oS, Piforedo el BB b SbPE: b

Resi dencepiinite especiallp ptereﬁéapupn& tmenuﬁse&l ko thertaesardaafenﬁa h;oyau::s,vw th up
toabout 1.5 mnutes preferred, and upto about 1 m nute eS{)emaII '

pr ef er r ed sheehiwab, pbﬂ@ﬂtkﬁu@mﬁxm ean gpiopally bee@lterred #peh gpbymeltyfilisang et s,
sheet, wep,q/0f t}{e*\f‘sg /df‘%eﬁééhle%&kx{n“{h% 1ﬁé”to°¥éHoQ/Eang§m{aﬁlee "fdlnlﬁ(aZﬁxﬁ?rgs ppch as by

mel t f | tering a screen pac renove
undesi r abdecompusaivhpeeduetsor deconposi ti on products.

The polymers of the present invention may be used for any application in which the
physical and chemical properties 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 techniques include injection
molding, film casting, extrusion, press molding, blow molding, stamping, ‘and the like.
One possxble process comprises an injection molding—compression techmque where a
mold is filled with a molten polymer. The mold may contain a preform, inserts,
fillers, etc. The polymer is cooled and, while still in an at least partially molten state,
compressed to imprint the desired surface 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, i.e. 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 électrbplatihg, 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

dispose desired layers on the substrate.
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The pol yners of the present invention nmay be used for any application in
whi ch the physical and chemi cal properties of the material are desired.
Typi cal | t he gol yners are used for data storage nedia. After the polyner
conposi t "KW een produced, it can be formed into a dBERUSIHINYe nedi a
usi ng various nol di ng techni ques, processing techniques, or conbination

t hereof. Possible nolding techniques include injection nolding, film
casting, extrusion, press noldi.ng, blow nolding, stanping, and the |ike.
One possiAh exampleesfsa polyparbeese datai sipragé nosdiarodrdpriges coaninjesion anolded hni que
where a ld,is filled wih a nolten polyner. The nold contain a

pref or m ROhcarhonate spéaqtqa&\glgwgpgy OPHQ"EHB‘I W5F§I@§8Wél5“léﬂ%¥ it andt i1 in
an at | eant iReYorifflel Ymehal ofitiad, @las, cefanfIB! AR ir VRIR forilnllfrad ' ed

surface features (e.g., pits, grooves, edge features, snoothness, -and the .
| i ke), arfitensyeghéres, paitickes, and thenliké)ocore. dikmased ondhe aubstrate anetvariohe

desired portian(s). of the substrate, i.e. e or both sides in the desired
ar eas. Tﬁgyerg dﬁ‘é?%lag'e ?S(Faf%gaﬁ'ef:o‘gfgamtcoﬁyﬁrg laeff‘&bs?té‘f%?aé'.er(a’lcaé’déqea

subst r at eyrBRetIRERFer? O AWEIEE comBibatibNEdmprisieE a6 16a6 ofd!6R tS foregoing

el ectroplating, coating techniques (spin coating, spray coating, vapor

deposi t i dayers;cAbess lpyerneampyisesanyantional matepals gnd areddispased ik egcordaane nat i on,
sputteri ' i .S I ¢le of .the faregoing

or ocess! gt RCWRE 85 bRl Hosu sl Satah, frrE Rl MDmbB B 1 oy
be enpl oymay be pralécsive $ayer|aki¢lectic layesrdatostotage 1pehdi€ladteic laykp, AN thed 006965

PCT/ US02/ 20942 An xa(rHJI e o({)_ a pol gmbgnate dat a, storage nedi a conpri ses

an inj ect®re ergy?f 1SROSEh-ConEAC tthe, substratec Wit neiecoRpti¥e prise a -
hol | ow ( I &I ey - fi .65, gl ass,
ceramc, blggéd? dﬁsﬁ’gsl i ketfh¥ i’oﬁﬁé\}gf isyggfft%é;%sgﬂg'hh&aégﬁ QIP flgg%»f;‘lm g%‘h%?}edg ,ﬁﬁ,

par ti cl esthe faydrstrhay be dptionaladegorative layers grodectivh daysr beflective layer didedtiieis

| ayers including;, a data |ayer ..dielectric | r. areflecti | ayer(s),
and/ or aqa%‘?’b?‘é‘ﬁf‘%és%r%feiﬁ?&agw%? Is“%qﬂgﬁﬁ#lﬂé‘fi?éi@eﬁMPV@Ftnb'“gt%hT east one
of the fonggeitg Opfdt miedial BRYEndladeE But GOABY limRed &) WP doRVaHtionEl srel al s and
are di sposed in accordance

recorded, re-writable, or recordable formats such as: CD, CD-R, CD-RW, DVD,

DVD-R, DVD-RW, DVD+RW, DVD-RAM, high-density DVD, magneto-optical,

and others. It is understood 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. Ty};:ically the: |
data layer has a thickness of up to about 600 Angstroms (A) or so, with a thickness up
to about 300A preferred. Possible data storage layers include, but are not limited to,
oxides (such as silicone oxide), rare earth elements — transition metal alloys, nickel,
cobalt, chromium, tantalum, platinum, terbium, gadolinium, iron, boron, others, and
alloys and combinations comprising at least one of the 'foregoiﬁg, organic dye (e.g.,
cyanine or phthalocyanine type dyes), and inorganic phase change compounds (e.g.,
TeSeSn, inAgSb, and the like). =~ S

The protective layer(s), which protect against dust, oils, and other contaminants, can
have a thickness of greater than about 100 microns (p) to less than about 10A, with a

thickness of about 300A or less preferred in some embodiments, and a thickness of
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with the type of nedia produced. For exanple, for a first surface nedia,
the | ayers may be protective layer, dielectric |layer, data storage | ayer,
dielectric |aye and then the reflective |ayer disposed in contact with

t he substWao 05@\#5(h an optional, decorative- |ayer di spos@fT¥S0RA4pposite
side of the substrate NEanV\hlle for an optical nedia, the layers may be
optional decorative |ayer, protective |layer, reflective |layer, dielectric

| ayer, and data storage |layer, with a subsequent dielectric layer in

cont act WykduttipeA SuRsd és?s%@ia]]%?éf&%d ek dhibRest BE kBrotddive I18yeRQ) is | ted

to, any conventional pre- recorded, re-witable, or recordablée formts such
- as: CD, cmsxmllywmne@,vm leagb\im-part, W@mewmnw@emsmc@pmem ty

DVD, d oth d he, f f th
modta 1o Aée TR ey oPiSar. Biadikfiorth, PoliELIOERES Bl i B e

accomodat@osive MafetialiGuth d€BbRIS silVIEnitided (8120 sAeDN! rdMRTes Thd FRIMIBEMPT | Se
any material capable of storing retrievable data, such as an opti cal

| ayer, nmgitedescamangpthers), carbidegiegeo siison carbidesand oﬂ}aﬁ)eaxudys tetge, silikoma | ayer
has a t hi S 6 h kness up
to about §{§8§1% p 4e°#$eé%.’ F%%?ﬁ%fbﬁ S'Qaééfhgssé gr’a%‘g@ &%‘F g | n léraarﬁor%a %S?’are not
limted tearbommldeqd{ammb asarsorid-Bloneabohdeand thar Bkeardniorg oy, sand
transition ngqn al | oys, . ni Cl;ral , %ﬁgé chromium tantalum platinum
terbium §eEBINatENs O Pl“é’r‘i‘gab $ipne Te28H&- al | oys and conbi nati ons
conprising at |east one of the foregoing, organic dye (e.g., cyanine or

pht hal ocygqe 'ﬂ?elédﬂ@l@)éﬂ@% whidilarleREHAE 6n AR HolRSAEs 69&&0&%9'%:& ed-
~TeSeSn; I nAgSh, -and the I ke) The protective layer(s), which prot ect

agai nst diayer ansi are oﬂ&n@rrxvicn@d a@dmtaa@ntramrs,, capdypictvkave atuhnqkneﬁésa’ upf
greater t p

t hi ckness o?r ogém%(?g&"tor’ de%ggnép%seiog‘f re utt %géea&q%oﬁ ?’?‘E‘r}iﬂs&'ei&?ﬁt&c

t hi cknesslayérsﬁalumlaﬁieewg651:5’6&:&:%6&%%ahﬁué ahGQ)%heﬁ’ﬁ), bgides @ppecial |y
preferred. The thickness of the protective layer(s) .is, usually, determ ned,

at |east PRmpEym oxide); curbidepdess "Silenn) carbide); rABd HeomRiRgtions | oyising at

least one of the foregoing materials, among other materials compatible within the

environment and preferably not reactive with the surrounding layers.

The reflective layer(s) should have a sufficient thickness to reflect a sufficient amount
of energy (e.g., light) to enable data retrieval. Typically the reflective layer(s) can
— have a thickness of up to about 700A or so, with a thickness of about 300A to about
600A generally preferred. Possible reﬂectlve layers include any material capable of
reflecting the particular energy field, 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
reflective layer(s), other layers can be employed such as lubrication layer and others.

. Useful lubmcants mclude fluoro compounds especna]]y fluoro oils and greases and .
the like.

The tagging materials of the present invention allows for a non-destructive means for

the tracking of materials, determination of processing conditions such as the
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e.g., mgnetic, optic, or magneto-optic. Possible protective | ayers I ncl ude
anti- corrosive materials such as gold, silver, nitrides (e g silicon
nitrides and alum num nitrides, anong others), carbides ) silicon
carbi de HA0¥PKSS)  oxides (e.g., silicon dioxide and ot 480220848 y er i ¢
materials (e.g., polyacrylates or polycarbonates), carbon film (dianond,

di anond-1i ke carbon, and the |ike), anong others, and conbinations
conprising at |east one of the foregoing. The di electric | ayer(s), which

are di spogftperimieine whiclhai brtflelags alanufrnded i BAANGUR tHeahermaMktaie of ten
enpl oyed as_heat controllers, can typically have a thickness of up to or

exceedi ngandssgradationoA -and as | ow as about 200A or |ess. Possible -
dielectric |ayers incl ude nitrides (e.g., silicon nitride, alum num

nitride, gr g{a?’%{ ﬁ?oae $n B dh Wélcl)%le%tgpmlg)fég tlcf HeBh V& sio thg

silicon car |nat|ons risin east one 0

f or egoi ngfatiatving adamplarswndiyrmy oihilestraaios and> npelyy Wheofilimitation he

envi ronnment and preferably not reactive with the surrounding | ayers. The
reflectivgxﬁﬁ%s) shoul d have a sufficient thickness to reflect a
sufficien of energy (e.g., light) to enable data retrieval.
Typically the reflective |layer(s) can have a thickness of up to about 700A

or so, W AR érghdit dluvesshosd (AlRsden3REd 300 ehigitd FRADBASMEHE: hyedheher red.

Possi bl e refl ectlve I aﬁers i nclude any material capable of reflecting the
parti cul aspectescgpicitag| b has nérugtmnnbnn@momts(w@(‘g apd highnterperyatise stability.gol d,

titani um al |l oys and of he f regm ng
net at s, qﬁg %qss5nc0{prqrag‘ i hBo O@feo.n}é@q? ‘E}Eﬂ"@ I ectric:
layer(s), pcﬂmbﬂﬁétionereh@mr (ﬂe amt pdil%bﬂ@étio\ﬁewhﬁﬁs &fdrined At b +eae:tef s can be
enpl oyed such as | ubrication |ayer and others eful lubricants include

fluoro cohpfofstistabiabpiestsasmall amguats of pplymes fabput §Scgramsh were it intR@N The
hoams " or o 3p0-Cfor Wee REARED HAME R LRl s Bhe B RET L S0 0V

neans for rac erla
conditions such as the -18

Fluorescence emission spectra of the tag before and after the heating test were
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, IL, Model FP-024), a monochromator for selection of
the excitation wavelengths (SLM Instruments, Inc., Model FP-092) and a portable
spectrofluorometer (Ocean Optics, Inc.,, Dunedin, FL,, Model ST2000) The
spectrofluorometer was equipped with a 200 micron slit, 600 groves per mllllmeter '
grating blazed at 400 nanometers and covering the spectral range from 250 to 800
nanometers with efficiency greater than 30% and a linear charge coupled device
(CCD) array detector. Light from the monochromator was focused into one of the
arms of a “six-around-one” bifurcated fiber-optic reflection probe (Ocean Optics, Inc.,
Model R400-7-UV/VIS). Light from the samples was collected when the common
end of the ﬁber-optlc probe was position near the samples at a certaln angle to
“minimize the amount of light directly reflected from the sample back into the probe i

The second arm of the probe was coupled to the spectrofluorometer.

Figure 1 depicts the fluorescence spectrum of the fluorescent tag incorporated into

melt polycarbonate before the heat test. Excitation wavelength was 546 nanometers.
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WO 03/ 006965 PCT/ US02/ 20942 tenperature at which an article was

manuf actured in addition to the thermal history and degradation. In order
that those. skilled in the art will be better able to practice the

i nvent i o\VO OH@6%30| | owi ng exanpl e is given by way of il uPCTAISOHMIANd not
by way of limtation. EXAMPLE An organic fluorophore (Lunbgen Red 300

obtai ned from BASF) was used as a spectroscopic tag. It has a high nmelting
poj nt (300C) and high. tenperature stability. The,.tag was incorporated
into the 'F%Ir &?id@ﬁfebﬂ’ﬁt‘%@erxé@iﬁﬂr@h oftiyé 'ﬂ%ﬁrés@éht@é incoi%lﬂaﬁﬁﬁrlh%at' on
reaction. merization 'was_performed in a lab reactor. For heat
st abi | i tymeétsp@lycasbmate afteruthe deatf tetol Ijmtatxpabrmwlenm wanhdd namometesat i nt o

oven 4 on e, mn s.was, done in air.
1 or escentis Gt clepy I5EEES 4PYiRS pet@h pedth Brad B pAGPRsr g B BRRE " oot
were per farymagd ﬁlgclééaeﬁ%kf&ni BAPRRIZRAW earﬁbétﬁré,ée%sed%botvé%io@@ Such
Determ nations were perforned on a setup which included a white |ight
sour ce (43@npeasturede nomparablelvetipthe thpdratnest of INEDPtpgoduction., Ur bana, | L, Mdel
FP-024), a nonochromator for selection of the excitation wavel engths (SLM

oot ca, 1 Ehile Bfpegifiéote nabe g 0L ZyRELbARNES, SRER BpeBHENE: B oo™

equi pped \&hﬁ&hu&o&@&a@hymadstheteto eathoar depantingefroriithd spiHt &id thersadpeef bl azed
at 400 nanorret ers and coverl n the spectral_ range from 250 to_800

nanonet er $henventions ; Accopdinglyy B ag torbe wnderstand, thatthe presprtipventian das bespl ed
device (Getd e nonochronmat or was focused into
-one of-the arb@ngbg%&ag%rgﬁ{fﬂgt#%tﬁ%ﬂelm@?ﬂr cated fiber-optic reflection - -
probe (Ccean Optics, Inc., Mdel R400-7-UVYNIS). Light fromthe sanples was
col |l ected when the common end of the fiber-optic probe was position near
the sanples at a certain angle to mnimze the anount of light directly
reflected fromthe sanple back into the probe. The second arm of the probe
was coupled to the spectrofl uoroneter.
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Figure | depicts the fluorescence spectrumof the fluorescent tag

I ncorporated into nelt polycarbonate before the heat test. Excitation
wavel engt h was 546 nanoneters. -19 WD 03/ 006965 PCT/ US02/ 20942 Figure 2
depi cts t¥QBPIP2scence spectrum of the fluorescent tag PEITBSIYR®E20n into
melt pol ycarbonate after the heat test. Excitation wavel ength was 546
nanoneters. This data clearly illustrates that the optical nedia nade of

. pol ycarbonate and tagged with the disclosed fluorescent tagging dye can be

processed WHVEISBDAIMBIXIS: tenperature is conparable with the tenperature
of DVD production. Wile enbodi nents have been shown and descri bed, various

nodi-fications and.  supst i,'é!ut I ons, may be nade thereto without departi-ng from
the spiritl-Araethad facsatifyng & palymstsompsisingprevidmnenigl the polymes at dease

T st r ot o0E BB CmRESRCRhortfi R, 2B R uERR "werllfBE 37 St nt Bl
CLAI MED | Sluctophonetdyedaf deasi deatinbngamg Bugophorer at teastpone ionganpmetallii ng i n

h I I fal. wh ' h ' . i al
compr 1 sbs THOPRIAER 2 AEh B ATEI-CNCHEN o BB, PdpPArtse: SoFUTPIARH i o

f1 uor ophorigerest, vll']ﬁ-fi‘(;ﬁh A8 Qagige A& aRIHal G tefdpet @R Nedityasf AtCRadt M6t

sem -conducting | um nescent” nanoparticle, or conbinatidon thereof, wherein
t he taggi iOREtand ad phesentain enpficient quattdpisuch ythatf thet taiggiagt matedalt is 350C

and is present,jn.a sufficient quantity such that the {agging material is
det ect i bl dlelfctble WAL HReGHPURATOMEREA 30 exFAlion VaYelasth, Ay TR BPAVET, r ange
bet ween gt 1060fnbRRRIEIR bod 00R@HomdtdR0 nanoneters. 2. The nmethod in
accordance with clai'm1;” wherein the tagging naterial has a - tenperature
stability of at |east about 375C_ 3. The nethod in accordance with claim1,
wher ei n t FeTheidegthed iataceordpniga@vith claimmpler wherein thealiggingy materigt hreast about

400C. temperature stability of at least about 375°C.

3.The method in accordance with claim 1, wherein the tagging material has a

temperature stability of at least about 400°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

nanometers.

5.The method in accordance with claim 4,l wherein the tagging ima.tei'ial has af
excitation wavelength in a range between about 250 nanometers and about 950

nanometers.

6.The method in accordance with claim 1, wherein the at least one fluorophore dye

comprises perylenes.

7.The method in accordance with claim 6, wherein the at least one fluorophore dye
comprises anthra[2,1,9-def:6,5,10-d'e'fdiisoquinolirie-1,3,8,10(2H,9H)-tetrone, 2,9-
bis[2,6-bis(1-methyethyl)phenyl]-5,6,12,13-tetraphenoxy, or combinations thereof.

8.The method in accordance with claim 1, wherein at least one fluorophore dye

comprises a lanthanide complex.
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4. The method in accordance with claim11l, wherein the tagging material has
an excitation wavelength in a range between about 200 nanoneters and about
1000 nanoneters. 5. The nmethod in accordance with claim4, wherein the

t aggi ng nYOD3OPEI5 has an  excitation wavel ength in a rang@TAISREI4AbOUL
250 nanoneters and about 950 nanoneters. 6. The nethod in accordance with
claim1, wherein the at |east one fluorophore dye conprises peryl enes.

/. The method in accordance with claim®6, wherein the at l|least one

f1 uor ophor 8. Thyemethodnpr acesdancd With[Rain, 9-wikéreid, the fluorophore is an anti-stokes

0-d' e f]dllsﬁqﬁ,ﬁnollrle 1,3,8,10(2H, 9H) -tetrone, 2,9-

bis[2,6 b| t hyet hyl )phenyl] 5,6, 12, 13- tetraphenoxy, ~or conbi nati ons
thereof. 8.The nmethod in accordance with claim 1, wherein at |east one

f I uor ophor C -

PCT) US02! 200450 ST HREF i SR BT 15 NIRICR st i P cBiting

f | uor ophor bimigessantaranopatidk egmprises {GdSgeS, CdIP7RbSpet ¢toaubinations dwrebdnce wi t h
claim1l1, wherein at | east one sem -conducting |um nescent nanoparticle

conpri ses Zn 3P2 i nat| ons el 11The .hod in
accor danceﬁiﬁ?% Al m"law\%fsgé w'%'t agggst’ K, eéelge gﬁ&ﬁ&"f’ﬂﬁ“ﬁ&ﬁ‘ﬁescem
nanopart i chemﬁesmﬂu sneﬁo;faﬁrcae edhiphised warenadrts ahﬁﬂiﬁﬁﬂeﬁl Genprsing stroffium

al um nat es doped t h Eur qpi um and sprosium 12., The nmethod in

accor danceam‘Wtﬁq\AéﬁWf“ PRIPF and DYSBERSIUTY material is present in a
range between about 10' 18 and about 2 percent by wei ght of the total

pol yIer . B3 Tihfie FRURAGN foobdiol dRRCRit 1, Weleh e apainll1RaRlll { BRsbAGA! NG
material is present in a rapge between about 10"1T about S ‘percent
by wei ght ofangedetwrenlabeus|Pireand abibutrhgemmtrbwdvmght@dfb‘mtdahpdymt h claim 13,
wherein the tagging material is present in

13.The method in accordance with claim 12, wherein the tagging material is present in

a range between about 10™'° 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™'? and about 0.05 percent by weight of the total polymer.

15. The method of claim 1, wherein the polymer comprises a thermoplastic polymer

material.

16. The method of claim A 5_?'wherein the thenn0p]a§tic polymer material compriéés?

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 th? 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.
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a range between about 10' 12 and about 0.05 percent by wei ght of the total
polymer. 15. The nethod of claim1l, wherein the polyner conprises a

t hernopl astic polymer nmaterial. 16. The nethod of claim .15, wherein the

t her mopl a}¥9i06/0§68ﬁ mer material conprises polycarbonate. PET/EBAM20942 hod of
claim1l1, wherein the tagging material is incorporated into the polyner by
coating, adm xi ng, blending, or copolynerization. | 8. The nethod of claim
1, wherein the polyner.is used in a storage nedi.a for data,_ 19.The nethod
of clai m 121.Vhe mesthod e apalrganee eithtohims 12 whekei ithe) tageiky infdterialhaghe net hod
I n accordance with CL, inﬁl, ,where_ia tﬂg thaggg'hng{ material has a tenperature
stability FEPERIWE fia rﬁ&w 05a tigie nesod of less thaR @nPW oMUt es. - 22 WO 03/ 006965
PCT/ US02/ 20942 21. The met hod in accordance with claim11, wherein the

t aggi-ng hélmetifsd ShrPsicat @b | : O ol | ess

t han aboﬂ?zzie{rhn?r%te. i5}]2."1§:I'he né?h%ﬁi%"g’ggbrwdwaéﬁ?:rg tbm@ttiég(@agﬁ?rﬁéﬂv{ﬁgr%i n the
t aggi ng netemperaturé stability foe apioregteniod of lespthantahout@0 secaridse peri od of |ess

t han about 20 seconds. 23. A nethod for identifying a polycarbonate,

oo PRSP P Bl SRl PaRRGR S I T Lo
has a tenpsylpdaiohatet Aldast diye @Egiag rAas! vHeadlh tROMARgIng matérid L6Mprikdy £  ange

bet ween about ]0"18 percent by weight and about 2 percent by weight of the
total pol yresylpemathereimdhe perenehas atemperaurg siability roffat leastoshout35Q°C, an

excitation wavel ' [ bet.ween ut 100 nanonete s and @about
1100 nandMh g?%’?qg}fgg\é ggtﬁ'f(r’r@rr}g '(ljtngéi j%‘ée%g%?' a‘aarg’ﬁtga'?fg?g&"ftg pﬁfl‘fé’ﬂe X the

t aggi ng naweighabf dwtd gedycationhteasid snéetedtibienvia 4 Ispedtrofinordmatyeat @t | east
one inorgani ¢ Qr or gﬁnorret_al lic fluorophore, at |east one sem -conducting
| uni nescerfXCHaIH ¥ave qug},l ipra zangeihetween,about 100 nanometers and about 1100

nanometers.

24.A polymer comprising a tagging material wherein the tagging material comprises
at least one organic fluorophore dye, at least one inorganic or organometallic
fluorophore, 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 sufficient quantity such that the tagging material is
detectible via a spectrofluorometer at an excitation wavelength in a range between

about 100 nanometers and about 1100 nanometers.

25. The polymer in accordance with claim 24, wherein the tagging material has a

temperature stability of at least about 375°C.

26.The polymer in accordance with claim 24, wherein the tagging material has a

temperature stability of at least about 400°C.

27. The polymer in accordance with claim 24, wherein the at least one fluorophore
. ! . : .
dye has an excitation wavelength in a range between about 200 nanometers and about

1000 nanometets.
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t hereof, wherein the tagging material has a tenperature stability of at

| east about 350C and is present in. a sufficient quantity such that the
tagging nmaterial is detectible via a spectrofluoroneter at an excitation
wavel engt WO (3/086%68nge bet ween about 1 00 nanoneters and REHWS02/20092
nanoneters. 25. The polyner in accordance with claim 24, wherein the
tagging nmaterial has a tenperature stability of at |east about 375C 26.
The pol yner i.n accordance with claim 24, wherein the tagging material has a

t enper at urzg, 'Fﬁ@?él&xhétym@‘cc@r‘daﬁ&aﬁﬁh ABRW D7 ARRFein e atThRt BRL Hi&bphdte @gSOT dance
with claim 24, wherein the at |east one fl uor ophore dye has an extitation

wavel engt hhasrangxeitaiiga wavelanath insoangetmweenabeut 2§0nanotetdssand aboap9so

nanonet er s %% 03/ 006965 PCT/ US02/ 20942 28. The pol yner in accordance
with clai n’?a?‘? erein the at | east one fluorophore dye has an excitation .
wavel ength in a range between about 250 nanoneters and about 950

nanonet er s29.PRe pélgmproinyaresrdamceacitocldimn 24, wheréin cheatteatéd onglesroplivre dge at
| east one fluoro hore dye conprises perylenes. 30.The polymer in
accor danceSORRTFCEPEAYIENe)  wherein the at | east one fluorophore dye
conpri ses

ant hr a[ 2, 13@TREhol él%chgor%aMeq{u'tlﬁélgM&l Q@l\hmﬁelﬂ’tﬁeﬁlé& éiit Aidopice 8. 2, 9-

bi s[ 2, 6- bIS(l net hyet hyl -t et raphenoxy, or I nati ons

t her eof . 3domprises pothyaisl gﬂde&éédﬂdﬁﬁ‘déantJMbnaﬂﬁ\.&m(zm%i)amondwez 8 | east

accor dancatie o i aef iR RER:e €A PP RYSFAAERD EnmBrebtio et Lloes

shift dye. 33. The pol ynmer in-accordance wt h cI aim24, wherein the at |east

one seni - ZoTheipdlmer intbccordamoeritnelaion24,twigdréin ciooatrieasesndorophivre df&l3P2,
PbS, or

comprises a lanthanide complex.
32.The polymer in accordance with claim 24, wherein the fluorphore comprises an

anti-stokes shift dye.

33.The polymer in accordance with claim 24, wherein the at least one semi-
conducting luminescent nanoparticle comprises' CdS, ZnS, CdiP;, PbS, or

combinations thereof.

34.iThe polymer in accor_dahcg with claim 24, wﬁqrein the at least one semi-
“conducting luminescent nanoparticles comprises rare earth aluminates comprising

strontium aluminates doped with Europium and Dysprosium.

35. The polymer in accordance with claim 24, wherein the tagging material is present

in a range between about 10™'® percent by weight and 2 percent by weight of the total
polymer.

36.The polymer in accordance with claim 35, wherein the tagging material is present .
in a range between about 10" percent by welght and about 0.5 percent by weight of

total polymer.
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conbi nati ons thereof. 34. The polynmer in accordance with claim 24, wherein
the at | east one sem - conducting | um nescent nanoparticles conprises rare
earth al um nat es conprising strontium aluninates doped with Europi umand
Dyspr osi WP 0380696%e pol yner in accordance with clai m24, RAEUSIH2004%
tagging material is present in a range between about 10 18 percent by

wei ght and 2 percent by weight of the total polyner. 36.The polyner in
accordance with claim35, wherein the. tagging naterial is present in a

range betgeqRe fpbpy«ﬂier 10 accob@inee Mithtlaine3 6l Rvheréld tﬁéofaggmg RatEsH eseﬁﬂ'eséw wei ght
of total polymer. -24 WD 03/Q06965 PCT/ US02/ 20942 | The poly in

accordanc# watnlge belaesn aboutyife peraentihy Weighti ang anavtcd. Osaperp@tbvwo in a
range betmﬁg’ty&? 4yt 10-12 percent by wei ght and about 0.05 percent by

wei ght of pol yner. 38. The polyner in accordance with claim 24,
wherein the pol yner corrprl ses a thernoplastic polynmer material. 39. The
pol yner i-88.aTherpdhymeee ini ddcondancewdd, cluine 24| whetein tthe polypieasbimpripesl y mer
mat eri al conprises carbonate. 40. The polyner ,in accordance with,

cl ai m 24, hﬁﬁ@?@?ﬁ‘%&’i"’fv‘%{d@?ﬁ@a material is incor por ated into the polymner
by coating, adm xing, blending, or copolynerization. 41. The polymer in

accor dancgowrhé pglywml%ccmﬁﬁ&lwnﬁ%ﬂoés/nwnerhm {48 QRerhidpfastid BoRARr Medi a
for data. 42.The polyner in accordance with claim 24 con8r|5| g“a coloring

mat er i al . mgerisheomprisgarpelycarberater dance with cl ai m 24, wherein the tagging
material has a

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 in accordance with claim 24, wherein the polymer is used in a storage

media for data.
42.The polymer in accordance with claim 24 comprising a coloring material.

43.The polymer 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 po]ymcr in accordance with claim 24, wherein the tagging matenal has a

témperature stability for a timeé period of less thian about 1 minute. -

45.The polymer 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™'® percent
by weight and about 2 percent by weight of the total polycarbonate and i is detectible
via a spectrofluorometer at an excitation wave]ength in a range between about 100

nanometers and about 1100 nanometers.

47.An article comprising a polymer wherein the polymer comprises at least one -

tagging material wherein the tagging material comprises at least one organic
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tenperature stability for a tine period of |ess than about 10 m nutes.

44. The polyner in accordance with claim24, wherein the tagging nmateri al
has a tenperature stability fora tinme period of |ess than about 1 m nute.
45. The pdVQREPOIS accordance with clai m 24, wherein the tBGHUSR/M84%ri al
has a tenperature stability for a tinme period of |ess than about 20
seconds. 46. A pol ycarbonate conprising a perylene, wherein the peryl ene has
;a tenperature . stability of at |east about 350C and is present in a range
bet ween alpgtophBrel &yeer #ereast byndveictilcoAdatiA® O HimiedRBAtC SAhophyticlB] Wt of the
total polycarbonate and is detectible via a spectrofluoroneter at.an

exci t at i- orfomhinatiom ghereofn whereim dhe treginganatana thas moEmperaiure ratabdlity ofred about
1100 nanonet er,s. ticle conprising a I r rein. the polyner
conpr | ses st Pt F90eCer i sk R PR afoly R nat G repe BRI
conpri ses j@fiete@¥ vRANLsgRc@aMidrométr WD NRERORa RISHPHA 2438 Defihdépr ophor e
dye, at |east one sem -conducti ng{ | um nescent nanoparficle, - or

conbi nat i @howtH&Pamenomelgesranidiebewtd 108 ganameterat eri al has a tenperature
stability of at |east about 350C and is present in a sufficient quantity
such t hat t i.n | -' eghi A t - 140 ter at
an exci tat4|%!;l(rﬁfl evvagxgig‘eeﬁ]gt o?é}dngé r‘?’alqugé: %]gt %eﬁhag]\éo&eatfggﬁ garhg{?é@epgsngnd about
1 1 00 nanafipérgtufe stabdlithuf ablchstabeuti37seccor dance with claim 47, wherein the
tagging material has a tenperature stability of at |east about 375C.

49. The article in accordance with claim47, wherein the tagging materi al
has a terf8chs aitiglesimprgordapceiwith daimsd7,awbereingthstagging manial hacpe in
~accor danc ] R4 7 e ) b the.at -l east one fluorophore dye has an
exci tatioEC%JEHU&%%@Ié'ndfgmggrltgag%e \ﬁegn about 200 nanoneters and about
1000 nanoneters.;

50. The article in accordance with claim 47, wherein the at least one fluorophore dye

has an excitation wavelength in a range between about 200 nanometers and about

1000 nanometers.

51.The article in accordance with claim 50, wherein the at least one fluorophore dye
has an excitation wavelength in a range between about 250 nanometers and about 950

nanometers.

52.The article in accordance with claim 47, wherein- the at least one fluorophore dye

comprises perylenes.

53.The article in accordance with claim 52, wherein the at least one fluorophore dye
comprises anthra[2,1,9-def:6,5,10-d'e'f'ldiisoquinoline-1,3,8,10(2H,9H)-tetrone, 2,9-
bis[2,6-bis(1-methyethyl)phenyl]-5,6,12,13-tetraphenoxy, or combinations thereof.

54.The article in accordance with claim 47, wherein at least one fluorophore dye

comprises a lanthanide complex.

55.The article in accordance with claim 47, wherein the fluorophore is an anti-stokes
shift dye.

56.The article in accordance with claim 47, wherein at least one semi-conducting

luminescent nanoparticle comprises CdS, ZnS, Cd;P;, PbS, or combinations thereof.
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51. The article in accordance with claimb50, wherein the at |east one
fluorophore dye has an excitation wavelength in a range between about 250
nanonet ers and about 950 nanoneters. 52.The article in accordance with
clai m 47, WOHPYIS t he at | east one fluorophore dye conpr PSEASPRIN4%enes.
53. The article in accordance with claimb52, wherein the at |east one

fl uorophore dye conprises

anthral[ 2,1, 9-def:6,5,10-d" e f]diisoquinoline-1,3,8,10(2H, 9H)-tetrone, 2, 9-

bi s[ 2, 6- bi59The PEfidly gh hicbordirrywith Tidim127, 1Whéreinr /PR one, sehi-coRARitAgt | ons
thereof. 54.The article in accordance with claim47, wherein at | east one
f | uor opholemingscent diapepastiele ;cqmapTises ke cadAlwninates . qorapriging $trentiym -

accor danc%ld%ih&e?h@é@ﬂi?h Emgfu% Eh&ﬁfﬁﬁ’;‘lcs‘ﬂg‘ﬁ'()phor e is an anti-stokes shift

dye. 56.The artic I'n accordance w m 47, wherein at |east one
sem -conducting |um nescent nanoparticle conprises CdS, ZnS, Cd3P2, PbS,
or conbi naB8i die attivde odccord2tce\WEitl) daind 6B 6sheRai HdSAZiRg riterfal iklpeesantiincl e i n

accordance with claim47,_ \wgerein at |east one sem -conducting | um nescent
nanopart i &T&NE& ‘Fq"?@gu‘r e“égt?c’t“ﬁ%%‘iﬁ’ﬁ?‘a’é't"é%éé&ﬁgq ‘QF“E:BMQ'N%M ium
al um nat es doped wi th Europium and Dysprosium 58. The article in

accor dancgo\He hri¢l@iinhékbrdanbe vith 141 8, JUBeHhE M igPhalefiaPis §oRBAt ihn A
range between about 10"18 to about 2 percent by weight of the total

pol ymer. Bganmgedesvednabeuy 173 te shavh ASperdentbycweight afghe totad pelymerhe t aggi ng
material is present in a range between about 10'15 to about 0.5 percent by

wei ght of t.of:al : 'l . ] .m 59,
‘wherein t r?tgh'?‘é’gagf‘ﬁlé lﬁgécé{rjdl%gfe ?’&E&Z’é‘?ﬁf %hl%ldamfg%g{gg@? t(vévgg]\rll\ﬂsggeguétq%" 12 to
about 0. 0% rpegechetwednyaboat AT tofbduh 8.06 peaenthy weight.of (e tolh @olynet.cl e in
accordance with claim47, wherein the polyner conprises a thernoplastic
pol ymer m%tl?r'llh%l article in accordance with claim 47, wherein the polymer comprises a

thermoplastic polymer material.

62. The article in accordance with claim 61, wherein the thermoplastic polymer

material comprises polycarbonate.

63. The article in accordance with claim 47, wherein the tagging material is

incorporated into 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.

1

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.
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62. The article in accordance with claim61l, wherein the thernoplastic
polymer material conprises polycarbonate. 63. The article in accordance
with claim47, wherein the tagging material is incorporated into the

pol ymer bYWOM390$98§. admi xi ng, bl endi ng, or copol yneri zat i FET6W21MY2articl e
in accordance with claim47, wherein the polyner is used in a storage nedia
for data. 65.The article in accordance with claim47, wherein the polymer
contains a coloring material. 66.The article in accordance with claim47,
wher ei n t hgy, Aasﬂﬁagegmacﬁh@ffoauaman@nsﬁmgmﬁbﬂfoﬂa&tﬂ&&émtmc f»&srcaabéda't@ per i od
of less than about 10 m nutes. 67.The article in accordance Wth claim47,
wherein t m@mpa@gﬁ mgememh&relmﬁ@ psrylenedas attmeergtpmtablhsy dfaat lasttalmt peri od

of less t he ar.ti .18 N acco dang aijm 47,
wher ei n Eg‘%t ggbsi Rrﬁs?‘?g]t’@r? éqngﬁ ee“t %‘?ﬁ'}’g ]§t uPE' Y I"Y‘E’é“f?ﬂd ﬁb‘ﬂt peri od.
of less thpRceabOBy HWRigHeCONUshe tgﬁllV\goQ@drg&ﬁaQ§5 e /i LJSQ@{eBQQﬂe? OR /A storage
medi um for data conprising a polycarbonate wherei n the pol ycar bonat e

conpri ses sRegieaflHorareetom @t ¢dnn ex¢itatiper yovelengthadn aa trengrebetwees sbadi 10Q y of at
| east abo Jjsange bet ween about 10' 18 percent by

wei ght an ang%gggfddsdb%tgﬂﬁatﬁmhd\}ne&eﬁt of the. total polycarbonate, and is
detectabile via a spectrofl uoroneter at an excitation wavelength in a
range between about 100 nanoneters and about 1100 nanoneters.
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