WO 03/ 006965 PCT/ US02/ 20942 TAGGE NG MATERI ALS FOR POLYMERS, METHODS, AND
ARTI CLES MADE THEREBY BACKGROUND OF THE | NVENTI ON The present invention is
rel ated twoiodemdsss i cati on of pol yner conpositions. Mre pamusok@aty, the
present invention is related to non-destructive identification of polyner
conpositions via spectroscopic tags. Automated identification of plastic
conpositions is desirable for a variety of applications, such as
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conditioﬁ@ﬁ%xga%gﬁﬁéﬁﬁﬂggfskggﬁﬁggﬁéﬁé&fIuorophores are used, there nay be
an inaccuracy in the signals that are produced if the dye ages or | eaches
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ultraviolet light and hi gh anhient %enperatur s, Additionally, . additives
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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 nanometers.

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 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.



accurate, and easily detected. -1 WO 03/006965 PCT/ US02/ 20942 BRI EF
SUMMARY OF THE | NVENTI ON The present invention provides a nethod for

i denti f yiwg oaop@byner, conprising providing in the pol ympCcTaiSot/zms:t one
tagging material wherein the tagging material conprises at |east one
organi ¢ fluorophore dye, at |east one inorganic fluorophore, at |east one
organonetal lic fl uorophore at | east one sem -conducting | um nescent

nanoparti ghesr §U @?: Ph@gggfl oNwherein the tagging material has a
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tenperature sta ast 350C and is present in a sufficient
quantity suchthat'the.tagglng material is detectible via a -
spect r of | Tbe queseat invention gxevidest Bonemadefben@mfnf'ymgaa pahgeer, bempesre about
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stability éas I'S present a sufticient qu nt| ty such

that the agytynef aratast BSY°A snddietpessenting sufficiant @iasttyrsoéh that dregbggingit an
excitati on wavel er:%th in a range between about 100 nanoneters and about
1100 nanotgtesipkis defecfible via pupetiflugrase iy c3ritating pavsleagth i/ BAEE on, an

article | Gekay it | GOARIhAdancaRBl YR naflificths) the polymer conprises at

| east one tagging nateri a ere| nt tagging material conprises at |east
one organic fluorophore dye, at |east one inorganic fluorophore, at |east
one or ganbrefather embbdivreopdivthe present] inesitionnepelgmier sqmeNided egnprising aescent
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quantity guslphdiatdyel e 1689 BnedindRiagicl 8hodophétef actiédst @nyidigaometallic
spectrofl uoroneter at an excitation wavel ength
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 provided 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



in a range between about 100 nanoneters and about 1100 nanoneters. BRI EF
DESCRI PTI ON OF THE DRAW NGS -2 WD 03/ 006965 PCT/ US02/ 20942 Figure 1

depi ct s awbDloaoo@stence spectrum of a fluorescent tag i ncorparEsopendunt o nel t
pol ycarbonate before a heat test as neasured via a spectrofluoroneter.
Excitation wavel ength, 546 nanonmeters. Figure 2 depicts a fluorescence
spectrumof a fluorescent tag incorporated into nelt polycarbonate after a

heat test r i i i gth, 546
nanomet o LB AP s et ¢ TR b rp e MRETENE, O

rel at es t polypabémats befpre athrgts tesneonposuatd dia atspequoilpmenster. Spatatiascopi ¢
tags include at | east one organic fluorophore, at |east one inorganic

fl uorophoWéye]%gtm’égztnaﬁ?f@etﬁﬁganorret allic fluorophore, at |east one

sem conducting |um nescent nanoparticle, or conbinations thereof.

Spect r oscepiyfe b ﬂgﬁicﬁﬁd(ﬂubﬂesceﬁ%?elé{r@mt& AfheksienetaghBcdrpehidalintoi méler y and
degradation of a polyner. In addition, the tagging naterials used in the

present i Rolserrbortapber asoatitest ve menspistl yyviera apfgireflyeremetend Excitetieni cal and
physi cal i r. These tagging materials are selected from
PRt 5ol

cl asses o Hat “ex hi gh robustness agai nst anbi ent environnent al
conditions and tenperature stability of at |east about 350C, preferably at
| east aboDETMBED RBSICRIFTEON OF atHbINVENTI@Est about 400C. Typically, the
tagging materials have a tenperature stability for a tinme period | ess than
about 10 m nutes {smd referably, |l ess than a%bout 1 m u&e an(g nor e
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mat eri al s shé&etlo¥dpi@tdgy ihélude bARAS HRL Yeemic a@bphotd)Cat NaAROBBE el ganid about
1100 nanoneters, and nore typically in _a range between about 2%0

nanonet er SuemgherBoat lepstoone argsremetelic Aueronbae, aly ffagtapne s¢micandugting
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, 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 typically 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 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

-3-



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
nanonet erwoaamocsabout 2500 nanoneters. The tags of the presantsoz/mgent i on

i ncl ude organic, inorganic, or organonetallic fluorophores. Exenplary

fl uorphores include, but are not limted to, known dyes such -3 WO

03/ 006965 PCT/ US02/ 20942 as pol yazai ndacenes or counarins, including those

set forthaé{hhg/a% nfALEQL ommmg r,gmaggmﬁ%ser s&U &albk,{etde gmﬁgﬂgﬁtsl\f?)f dyes

i nclude | an e conpl exes car and substitu rocar bon
dyes; pol ¥5ya)o0e. é)tlmmmmblmﬁandbesarfblgesmcmde iw]thahaieloomplaiyashydrpcabem ably

oxazol es an adi a aryl - eroa uted . ol efins
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pi gnent's; 4o egaqgf&ergws 0xGAT1R0 Sdndr YAxa@ME&CS)Poérﬁ}hyrahﬂ R¥RFoar@Subdinited dyes;
anthraqU|none yes; aryl nmethane dyes; azo dyeS; diazonium'dyes; nitro dyes,;

qui none miynbﬁdye(§,z-C£gep}eéizopomnn)!y@ébOWWaQdi}@s,dpbtélabpweendﬁewe@

i dyes, bis- b X . d h
Pl uor ophoP b gle t FPadue: “yRRFEn s o PoIREV e et | Pkt aes U 11 ayes

whi ch absefkthrdquinohe d?@@ﬁryﬂrﬂéth@feﬁ@es Ve elyes) gidronineh &y‘ﬂsi mtrﬂ dyb@ qwrﬁ)hb| e
wavel ength. The followng is a partial list of comrercially avail able,

sui t abl e WUW?n@K@eﬁ@”ﬁ?B@“ dﬁﬁAﬁWﬁéﬂg‘HF%tH?VkﬁfdBBénE@P&TﬁH@W&xQ?onlum
Perchl ora r n I

7= AMi No- 4%%1’2'0%?2?2%1{39 nep?hH‘?ggér%f? BRS LkYhthbne/ d?@g (P'Ilfl)r&ﬁ)to%é Spm%%ﬂe&m
3-(2'- Benmvrefnnkazcallspl )r}cVudt‘l Natdstekd:sylslaftl Agesowireohi absorb in the near infrared

2. (4- Bi phoRyRTEEEt E{D R NRENRERER. 4. oxadi azol e
2- (4- Bi phenyl yl)-5-phenyl -1, 3, 4- oxadi azol e
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)-7-N,N-diethylaminocoumarin
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-phenylbenzoxazole-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-



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

2,5-Bi s-(4-bi phenylyl)-1, 3, 4-oxadi azol e 2, 5-Bi s-(4-bi phenylyl)-oxazol e

4, 4' - Bi s-WD-BwdeskdCt yl oxy) - p- quat er phenyl -4 WO 03/ 006965 PeCTUS0B0RA20942
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-nethyl -6-(p-dnethylam nostyryl)-4Hpyran 1,1 -Di
ethyl -2,2'-carbocyanine lodide 1,1 '-Diethyl-4,4"-carbocyani ne | odi de

3 3'-Diet ' othiatri carbocyanine lodide 1,1
-Di et hy lﬁ'ﬁl%p‘}nel‘hayég%c) %ﬁ’?ﬁ%zl odide 1,1 '-Diethyl-2,2"-dicarbocyanine

| odi de 3 3 '-Diethyl-9, 11 -neopentyl enet hi atricar bocyanl ne lodide 1,3
' - Di et hyl §,@;I2iafrﬁrq1biemﬂ(gbpbe¢mazdmmyQnichbratodi de 1,3 '-Diethyl-
" -qui nol yi thi acarbocyani ne Iodide 3 -Di ethyl am no-7-di

hyl i m t.h 4- hyl 7- Di
ot nyl am nOTACERP PSR Ry Aclar e i SN PR ourvar i m

3, 3" -Di et hyl oxadi car bocyani ne |1 odide 3,3 -D ethylthiacarbocyani ne | odide
3,3 -D et hyDihhpd Tanbacyatinekdidedi de 3, 3' -Di et hyl thi atri carbocyani ne
| odi de 4, 6-Di et hyl - 7- et hyl am nocoumarin -5

1,1°-Diethyl-4,4’-carbocyanine lodide

3,3'-Diethyl-4,4",5,5 -dibenzothiatricarbocyanine lodide

1,1°-Diethyl-4,4’-dicarbocyanine lodide

1,1°-Diethyl-2,2"-dicarbocyanine lodide

3,3’-Diethyl-9,11-neopentylenethiatricarbocyanine lodide

1,3"-Diethyl-4,2 -quinolyloxacarbocyanine lodide

1,3"-Diethyl-4,2 -quinolylthiacarbocyanine lodide

3-Diethylamino-7-diethyliminophenoxazonium Perchlorate

7-Diethylamino-4-methylcoumarin

7-Diethylamino-4-trifluoromethylcoumarin

7-Diethylaminocoumarin

3,3’-Diethyloxadicarbocyanine lodide

3,3’-Diethylthiacarbocyanine lodide

3,3’-Diethylthiadicarbocyanine lodide

3,3 -Diethylthiatricarbocyanine lodide

4,6-Dimethyl-7-ethylaminocoumarin



WO 03/ 006965 PCT/ US02/ 20942 2, 2' - D net hyl - p- quat er phenyl

2,2-Di met hyl - p-terphenyl 7-Di nmet hyl am no- |

- met hyl - 4wmaBlas9gs 8- azaqui nol one-2  7- Di met hyl am no- 4- net egitgsozyedsene- 2 7
-Dimethyl amno-4-tri fluoronethyl coumarin 2-(4-(4-D methyl am nophenyl)-
1, 3 -butadi enyl)-3 -ethyl benzothi azolium Perchlorate

2- (6- (p- D net hyl am nophenyl ) -2, 4- neopentyl ene-1, 3,5-hexatrienyl)-3 -

rZTEE le( genaé%%%gl#!go%ﬁﬁhﬁyﬂ%ﬁrlagebut adienyl)-1,3,3-trimethyl-3Hindolium

Perchlorate 3, 3'-D net hyl oxatri carbocyani ne | odide 2,5-D phenyl furan
2, 5- Di phey2-Diksetlylep-tedphthylDi phenyl sti | bene |
- Et hyl - 4- (4- (p- Di et hyl am nophenyl ) - 1, 3- but adi enyl ) - pyri di ni um Perchl orate

:De; Ethlh)cl)lr a? é’?’f(@tle}??ggzﬂh %‘lﬁ&‘%g‘]’%%{]’%’%&%u%bﬁ,%?ﬂi enyl ) - pyri di ni um

am nophenyl ) - 1, 3- but adi enyl ) - qui nol i um Perchl orate 3- Et hyl

am no- 7- eyyinidiyidmido 8~ set®lduitofdieroxazi n- 5- i um Perchl orate 9-Et hyl am no-5
-ethyl am no- | 0-nethyl -5H benzo(a)phenoxazoni um Perchl orate

7- Et hyl am_no-6-nmethyl -4-trifl uoronethyl coumarin

7- Et hyl aWrBlWﬁ%WWB‘o“f%Wé‘PWF%@dﬁW D6 WO 03/ 006965 PCT/ US02/ 20942 1,1
',3,3,3,3 -Hexam ethyl -4,4',5,5' -di benzo-2, 2' -indotri carboccyani ne | odide
1,1°,3, BQS(hﬁg-'DiH%ﬁ@%siha Heﬂ?l?qLﬁ@qﬁt’é’&l@ﬂ;@ﬁ?&%ﬁgﬁ&%&ﬁiazéﬁ&n Perchlorate

' , 3", 3" - Hexanet hyl i de

, 3,3 ndot ri car bocyanine | odi
2-(6-(p-Dimethylaminophenyl)-2,4-neopentylene-1,3,5-hexatrienyl)-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-Ethyl-4-(4-(p-Dimethylaminophenyl)-1,3-butadienyl)-quinolium Perchlorate
3-Ethylamino-7-ethylimino-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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2- Met hyl - 5-t - butyl - p- quat erphenyl NM

ethyl -4-trifluoronethyl pi peridi no-<3, 2-g>counmarin

3-(2' - N- MwDhglobmnezi m dazol yl )-7-N, N-di et hyl am nocounari PQT/US02/20942
2- (1- Napht hyl ) - 5- phenyl oxazole 2,2 '-p-Phenyl en-bis(5-phenyl oxazol e)
3,5,3"" ", 5 ""-Tetra-t-butyl - p-sexi phenyl 3,5,3 " ",5"

"-Tetra-t- butyl p- qui nquephenyl 2,3,5,6-1

H, 4H- Tet r ahy i ngl i zi 3,5,6-1
H, 4H- Tetrg‘rqyggo’rg %?%%g@wo?(sqﬁﬁng&erz?%n%§<bdd82&?ﬁ’§’ﬁ%{1ﬂﬁg?‘?’ﬁc 2,3,5,6-1 H

, 4+ Tetr ahydr o- 8- net hyl qui nol i zi no-<9, 9a, | -gh>coumarin 2, 3,5, 6 1
H,4H—Tetrahyaﬁd¥QﬁﬁﬁmpyemdwmyﬁqmﬂmmymzmﬁbdK@,9a, I -gh>counarin 2,3,5,6-1
H, 4H Tet r ahydr o- 8-tri f | uor onet hy] qui nol i zi no-<9, 9a, 1- gh>coumarin 2,3,5,6-1

rt??ZIEEniqyg3qg%aggléﬁ%ﬁ mé&nE?E?camggg%%{t?Tgifahégh;i?p-quinquephenw
P-terphenyl P-quaterphenyl -7 WO 03/006965 PCT/ US02/ 20942 N le Red
Rhodam ne2Mé&hylS«abiutykep-gottergReoganm ne 800 IR 125 IR 144 [|R 140 IR 132

N-Methyl-4-trifluoromethylpiperidino-<3,2-g>coumarin
3-(2’-N-Methylbenzimidazolyl)-7-N,N-diethylaminocoumarin
2-(1-Naphthyl)-5-phenyloxazole

2,2’-p-Phenylen-bis(5-phenyloxazole)
3,5,37"",5""""-Tetra-t-butyl-p-sexiphenyl
3,5,3""7,5""""-Tetra-t-butyl-p-quinquephenyl
2,3,5,6-1H,4H-Tetrahydro-9-acetylquinolizino-<9,9a,1-gh>coumarin
2,3,5,6-1H,4H-Tetrahydro-9-carboethoxyquinolizino-<9,9a,1-gh>coumarin
2,3,5,6-1H,4H-Tetrahydro-8-methylquinolizino-<9,9a,1-gh>coumarin
2,3,5,6-1H,4H-Tetrahydro-9-(3-pyridyl)-quinolizino-<9,9a,1-gh>coumarin
2,3,5,6-1H,4H-Tetrahydro-8-trifluoromethylquinolizino-<9,9a,1-gh>coumarin
2,3,5,6-1H,4H-Tetrahydroquinolizino-<9,9a,1-gh>coumarin
3,3,2",3"""-Tetramethyl-p-quaterphenyl
2,5,2""",5""""-Tetramethyl-p-quinquephenyl

P-terphenyl

P-quaterphenyl



IR 26 IR 5 D phenyl hexatriene D phenylbutadiene Tetraph enyl butadi ene
Napht hal ene Ant hracene 9,1 0O-di phenyl anthracene Pyrene Chrysene Rubrene
Cor onene woOd3Mi3983/ 006965 PCT/ US02/ 20942 Phenant hrene. ThReTn®g%20f2 t he
present invention may al so include 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 n hehgegited to, CdS, ZnS, Cd(err)P(err), PbS, or conbinations

t hereof . Sem -conducting | um nescent nanoparticles also include rare earth
alum nates including, but not limted to, strontium alumnates doped with
Eur opi um Rhadddyisp7@&i um I n a preferred enbodi nent, tagging materials such
as peryl enes such as Anthraf 2,1, 9-

def: 6, 5, 1 2%1Q/jl i soqui noline-1,3,8,10(2H,9H)-tetrone, 2,9-bis[2,6-bis(1
- net hyet f‘%”bfh 11-5,6,12, 13-tetraphenoxy are utilized. Concentration of
the taggi ng material depends on the quantumefficiency of the tagging

mat eri al , RR¥ddntiaé BOM and em ssi on wavel engt hs, and enpl oyed detection
techni ques, and can typically range from about 10-18 percent by wei ght and
about 2 IR 125

IR 144

IR 140

IR 132

IR 26

IRS
Diphenylhexatriene
Diphenylbutadiene
Tetraphenylbutadiene
Naphthalene
Anthracene
9,10-diphenylanthracene
Pyrene

Chrysene

Rubrene

Coronene



percent by weight of the total polymer, nore typically range from about
10- 15 percent by weight and about 0.5 percent by weight of the total

pol yrmer, wod3mo®bstypically range from about 10-12 percemcThisomeisght and
about 0.05 percent by weight of the total polyner. Sone possible exanples
of polymers which can be utilized for the present invention include, but
are not limted to, anorphous, crystalline and sem -crystalline
thernnpla§hé%nﬁ§é%rials: pol yvi nyl chl ori de, polyolefins (including, but
not limte ]}o, 1% near and cyclic polyol efins and includi ng pol yet hyl ene,
chl ori nated pol yet hyl ene, pol ypropyl ene, and the |ike), polyesters

(i ncl udi nGhe hags obthd pres¢rgdinventiopomygtaisd ertudet emeghhattiag eumpaisydntit yl ene

t er epht hal at e, I cl oh | met hyl t ht hal at e, the 1jke),

pol yarm desanopar Lo SHECRG HEFUEATHESD SRR haEnir g sbait TRAOREIES ba

pol ysul f oggempRRdsehi®ohdikc@hg 1RRINsEnERSopRRlckS iitidel B8 noPRhited Rer
Fy Ffldes, pol yet her ket ones, polyether ether

sul fones, po phﬁgylene su , P ' ) .

ket ones, BBS, ZaSi fsdsP2, pBbSsis ey cembmatippc thieafy, Semi-capducting luegnaseent

hydr ogenat ed _pol yst yr.en yndi of agt I,¢ . tactic | ysty. S
polycyclOH@%?F85¥%y%§§ésagg§Hgﬁ%f%ggagﬁvpgﬁgt?Fﬁ%ﬁﬁ%tgﬁeﬁiiﬁﬁﬁgﬁarﬁic
anhydr i destr@ftidint flemlinakes)dopedivith Buashiemend Polsprdsioy. at es (i ncl udi ng, but not
-9 WD 03/006965 PCT/ US02/20942 Ilimted to, polynethyl nethacryl ate, nethyl

met hacryl at e- pal yi m de copolynmers, and._ the like), polyacrylonitrile,
pplyacetapé?p§§FV@d?%§W§P zéﬁ&Wﬁ6W§ﬁ¥ﬂ%ﬂ§%é§ﬁﬁﬁé“wgﬁ ﬁhgﬂﬁgﬂ%&ﬁ'not
limted tQ@erd HooQrgdiivgainblien 3,SrdibaBHMERSARNOI and cgpo&iy[mﬁsﬁlwth
2,3,6-trinet Ryl phenol, and the Tike), ethylenelvinyl acetate copol yners,

pol yvi nyl meghyethat)pheniyl]efu.d2.d Byetraphemaxy\anevislizedt hyl ene-t et r af | uor oet hyl ene
copolynmer, aromatic polyesters, polyvinyl fluoride, polyvinylidene

f1uori de, LAY oride, . T .
resi ns. subhia ol o S L HRfecl (PRI on 3 Wikl 0 oAy SN0
pol yur et hafpgingmmedial, &iditheeh sindi emiseionbivavetedgaisyi s emplgadtdetetver s,

vinyl, and benzocycl obutene resing, i ddj tql | ends, I ,
i X%lur es, tch%ieyc;zsoﬁgg can %Jyp?ca?ly ranée gomlart])ogt % b I?e?cetn? b? v?erllgsi anﬁoarl'))?)uly Eﬂa rs

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 utilized for the present invention
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, polyether 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

9.



products and conposites conprising at | east one of the foregoing plastics.
As used herein, the terns "pol ycarbonate", "polycarbonate conposition", and
"conposi twon3peps | Si ng aronati c carbonate chain units" i RCITA$8520942
conpositions having structural units of the fornmula (1): O -R-0 O (I)
in which at | east about 60 percent of the total nunber of R groups are
aromatic organic radicals and the bal ance thereof are aliphatic,

I I
Caai val - alied 6. EL AR Rare, RlP hRlatpRe pbBiAAe YIBhIf, AIY ©
(1) \an_e(r:I dien ldaﬁ,hdpwﬂyaiétylmnhlﬁz poLyaaetaanqmyﬁdarbpndiev,alh}mhyphanxlbner acthgal and Y1
is a bri ica avi n ne t . wWhi te A f A2.
In an exe%ﬁ‘ggij alé‘Hﬂ’BHI‘Wétﬁg t(géﬁ%seéit% 3 ﬁ@&"’“&"yﬁf’iﬂ%ﬁ?%‘? C‘?W’G’%‘fr% g.{r: ve,
non- | imtiyng ﬁ%@-@ﬂ?ﬂn@ﬁlyﬂfhen&aﬂidctﬁé 5k eth?]'eﬁe bbﬁF}Pac’éfa@e cépolyméps, poty®itrfy) - ,
-S(2)-, - O) hyl'ene, cycl ohexy ene

2-12,2,1] a‘tﬂtaﬁ}',cll@'hiép@lwtﬁh@nb’meé% h«;ﬁhylmt@traﬂwpetbwm depelymepopremalit i dene,

O ey Rt MR ASERY R AHGHRE Y AAE o

c
adanantylp |dg|ng can e a group or a
sat ur at ed Teftelisp @@ madinasgtherifosstiing resiss sedhhyd epay, o y@iohb;eadyydg@n@egm

i sopropylidene, -10 WO 03/006965 _PCT/ USOZ/ 2094% ycar bonat es can be

pr oduced B?y’c‘ﬂ’ée’lI?ﬁ])é”rrF‘Qé‘i‘eaFmP%ré]cft“l]W‘ FONg; lh‘%i‘? sipi ﬁﬁ'@‘ﬂ?’?ﬂ@@ﬁ"’ »ch only

one atom g E@ﬁ%ﬁz&éiol@?ut%dreé%s Msadiigsh be Bl%h@s &B@lyﬁﬁéfsm idhyd T &%¥ion

conmpound” 1 nc . for exanple, bisphenol cénpounds having general fornula
(111) aspfodbttswsd céRpgsites Riohprisi@HatleasOphe of the foregoing plastics.

As used herein, the terms “polycarbonate”, “polycarbonate composition”, and
“composition comprising aromatic carbonate chain units” includes compositions

having structural units of the formula (I):

o

—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 an aromatic organic radical and, more preferably, a radical of the

formula (1I):
_A]_YI_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 Tlustrative, non-limiting examples of
radicals of this type are -O-, -S-, -S(O)-, -S(0y)-, -C(O)-, methylene, cyclohexyl-
methylene, 2-[2,2,1]-bicycloheptylidene, ethylidene, isopropylidene, 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.

-10-



(I'11) wherein R(err) and R(err) each represent a hal ogen atomor a
nonoval ent hydrocarbon group and may be the sane or different; p and q are
each i ndepoerndemsky i ntegers fromO to 4; and X(err) represantss2/eme2 of the
groups of formula (IV): R Re 11 -C or -C Id R (IV) wherein R and Rd
each independently represent a hydrogen atom or a nonoval ent |inear or
cyclic hydrocarbon group and Re is a dival ent hydrocarbon group. Sone

illustrati =LJd oty . Lt i i ncl ude
i hyar | o pueBERiLs e Mo RTDY B iferlnl AR fon D ELARY SATBONRGA
di scl osedwhych o@geoneratbar sephatdsgehend Aor Aspsed fhie)n, i the Wers) “Shtydnoky

4,217,438, which,is incogporated . herein by reference. A naqnexclusive |i st
of speci f FRMBSUEN RIS, ohExYREsLIenp] RAtBHS Rei BRE HIMIRHID pe
represent gdrfipwkormula (111) includes the follow ng:

1, 1- bi s(4- hydr oxyphenyl ) nethane; 1, 1-bis(4-hydroxyphenyl) ethane;

2, 2-bi s(4- hydrox¥phenyl) propane (hereinafter "bisphenol A" or "BPA");

2, 2- bi s(4- hydro®yphenyl) buRdpe; 2, 2-bi s(4-hydroxyphenyl) octane;

1, 1- bi s(4- hydro ne; 1, 1-bi s(4-hydroxyphenyl) n-butane;

bis(4-hydrq¥ heny/ net hane; 2, 2- bi s(4- hydroxy- 1- net hyl phenyl)
pr opane; f? -h%ﬂro thPphenyI) propane; bi s(hydroxyaryl)
al kanes such as -bis(4-h xy- 3- fHBnophenyl ) propane;

1,1-bis(4-hydroxybheny|) cycl opent ane; and bi s(hydroxyaryl) cycl oal kanes
-11 WO 03/.006965. PCILS02/ 20942 h 1, 1-bis(4- |
cycl ohexatte“%h ?#@ﬁ1?%:’ggeﬁﬁfP%§®ggg%BFH%F1%§(“’g%ﬂégﬁégﬂggﬁ?%F%ast one

of the foagUMIaPBe the same or different; p and q are each independently integers from 0 to 4;

and X® represents one of the groups of formula (IV):

RS R®

| I
—C— or —C—

L,

R (V)

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.

Some illustrative, non-limiting examples of suitable dihydroxy compounds include
dihydric phenols and 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 (III) 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-hydroxyphenyl) n-butane; bis(4-hydroxyphenyl) phenylmethane;
2,2-bis(4-hydroxy-1-methylphenyl) propane; 1,1-bis(4-hydroxy-t-butylphenyl)
propane; bis(hydroxyaryl) alkanes such as 2,2-bis(4-hydroxy-3-bromophenyl)
propane; 1,1-bis(4-hydroxyphenyl) cyclopentane; and bis(hydroxyaryl) cycloalkanes

-11-



It is also possible to enploy polycarbonates resulting fromthe

pol yneri zation of two or nore different dihydric phenols or a copol yner of
a di hydriwopheno®bs with a glycol or with a hydroxy- or acipdTitesozevat ed

pol yester or with a dibasic acid or with a hydroxy acid or with an
aliphatic diacid in the event a carbonate copolyner rather than a

honmopol yner is desired for use. Cenerally, useful aliphatic diacids have

from 2 tosudPaut 4946 a5BaR5um RIShEREETeAkiohathe fag] & Lapdadrgand of c

acid. Polyarylat'es an r=carbonate resins or elr nds can al so
be enpl oyecmpBsiagetleast opobithafdrogahges are al so useful, as well as bl ends of
| i near pol ycarbonate and a branched pol ycarbonate. The branched

Dol yrrer 20 gl PraBlE BreEpii gy g ieie” Srinel R M SRE AR o5 AP  se
pol yf unct bpRrke QIfEAHt @ihy@ﬁmlgam§ o£2bgYIRtha%Rd dih§dsd pRdMoERith tan%yéoqmal
y

groups which may be hydroxyl, carboxyl, carboxylic anhydride, hal of ornyl
and m xt upeyvito APhidsixyg catacidetesmingted prlyestaieorf Witk goiibgsic sk pf ivdtheganpl es

and M Xt upEsy o DARRE S (AU e o . it et

Y iy BTEHY Ky P TR 5, PN Snopd LR bt o

e Lot hena)
, L-DI' S P- r ox e - 1)..a ) -dlne enz enol ),

4- chl or of &w?‘opﬁfyhﬁ’aﬁ-i épprs%ﬁ%i@l}ﬂawtdﬂqcrfﬁléiade%%@v O%ﬂf‘%e%QXW@Wéﬁég

tetr acar basyllier-abehatikifdI%y| e bIHAs BIRANKA B9 _BABRAEIMBARNIIED at a

| evel of ut 0.05 to about 2.0 wei ght percent. Branching agents and
pr ocedur egpolyoarbomdtésngrebalamoisethl,pad yelr bobinds or knede polychdbdnata and, &.

Pat ent . S. 635, 895 and 01.184. | .types of .,pal ycarbonate end groups
reher oppnght RolsraRudt o B pofisebl RS Bk B R dERAER Bldas Eonenol

A, in whi phineriap afént Surid@polPdetizatiopn. phenyl ene and Y' is isopropylidene.
Preferably, the average nol ecul ar weight of the polycarbonate is about

5,000 to about_ 100, 000, nore prEff erably about 10, 000 }o about. 65,000, and
most pr ef dP&¥ Yrangiing agentpers vslldmeun 4wl ey compyise 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 benzyl)phenol), 4-chloroformyl 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 isopropylidene. Preferably, the average molecular 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.

-12-



WO 03/ 006965 PCT/ US02/ 20942 1In nonitoring and eval uati ng pol ycarbonate
synthesis, it is of particular interest to determne the concentration of
Fries prodoas/opesent in the polycarbonate. As noted, thecgarsez/aiion of
significant Fries product can |lead to polymer branching, resulting in
uncontrol | abl e nelt behavior. As used herein, the terns "Fries" and "Fries
product” denote a repeating unit in polycarbonate having the formula (V):
(Ra)p (Ro)f j jval | ; cri bed
T e L e e S AL R i A S
conposi t i detemmiyie zﬂiascmnlcemfamda of&ruemps)dadobrbsiemem kheqhobaanbbyatm nsmop@ir ated in
resin conpositions oé ﬁp %ives ar e, Q% xangve . fillers
or rei nf oM §FgcaHehP S’g’ﬁ‘gﬁi‘m f‘&ﬁpfqdi‘gtr%an 535t o ARSI anchingy fesUltingiin j ; or o
pl asti ci Zgh&nBNAYIS htd t?eh@Gi%f‘t As WBd Her%i%' aRStefs AAERE and affled prodadt’ r esi ns;
bl owi ng agents; and the |ike, as well as combinati ons conprising at | east
one of théﬂﬂmﬁegﬁﬁﬁg%1mddnmpb@@b0E%ehwhe$ﬂ@ﬁbﬂmmaéyb or reinforcing agents
i nclude gl ass fibers, asbestos, carbon fibers, silica, talc and cal ci um
carbonate. Exanple pf heat st lizers |nclude tri phenyl phosphite,
tris-(2,6-dimethyl ényl)phosp%&% tris-(m xed nono-and di -

di nmet ene phosphonate and trinethyl phosphate.
cyl-3-(3,5-di-tert-butyl -

pentaerythrltyl-tetrakls[3 (3, 5- (-tert-butyl-4- hydroxyphenyl) propi onate].
Exanpl es of |ight stabilizers incl 2- (2- hydr oxy- 5-

nmet hyl phenyl ) benzotri azol e, 2-(2- ydroxXIS tert-octyl phenyl)-benzotriazol e
and 2- hydroxy-4-n-octoxy benzophenone. Qxanples of plasticizers include

di octyl -4, 5- epoxy-hexahydrophthal ate,

tris-(oct Qe BEnKl gtilyaibas ARYAN Wsad@eribdd § R8Aihd2tiEN dvitlP IdkhlaZ @H) SOy bean
oil. Exanples of the antistatic agent include glycerol

described 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 like, as well as combinations comprising at least one of the foregoing
additives. Examples of fillers or reinforcing agents 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-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
epoxidized soybean oil. Examples of the antistatic agent include glycerol

monostearate, sodium stearyl sulfonate, and sodium dodecylbenzenesulfonate.
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nonost ear ate, sodium stearyl sulfonate, and sodi um dodecyl benzenesul f onat e.
-13 WD 03/ 006965 PCT/ US02/ 20942 Exanpl es of nold rel easing agents incl ude
stearyl sweaBmb@ss beeswax, nontan wax and paraffin wax. Bxamsowsovei ot her
resins include but are not limted to pol ypropyl ene, polystyrene,

pol ynmet hyl met hacryl ate, and pol yphenyl ene oxi de. Conbi nati ons of any of
the foregoing additives may be used. Such additives nmay be m xed at a

sui tabl e j i i, X| f t f i
conposi t1 5upeS BE L {6 ke BlonddRSATRRARN. Beck B MOl Gl A
conposi ti paraffaywapt Eamabley of bthet udms\iaclindaibutanielndt Mesedtodpaigsrppylene,

incorporated in resin c osjtiaons of thig type. .Such additives. may

i ncl ude aﬁflp’ﬁtﬂeﬂﬁ*ﬁoéY’“ﬁgngg %Pﬁﬁf”iez%ﬂdsl?(’]ﬂﬁlep%ﬂea?’f’ge'a'g%‘ﬁgglaY?@tq%QUy

al kyl anog} o ReqpaiReadiitivied RdyebSadelS . SucR itk Wap RsSmpea v i sapmene
sul fonate salts,” and the liké), nold rel easing agénts (pentaerythritol

t et r ast eatimteaturigk yheemiding efshe cemperteats fan®rming the Rempositien.-t he |i ke, and
conbi nati ons conprising at | east one of the foregoing. For exanple, the

substrate,can,; ri stabilizer in .ar . 01
wei ght pe%ncgﬁg]%gﬂ Oatﬁgtf{& %g).gef E\EII\;C@I {gaﬁ#%’ e?é%ﬂ ; ‘gﬂggﬁ‘%’ P%tlé\??]gh}gg@ﬁnaﬁ?/n a
range bet webnlcabpious @ddifiveseorghiaripe inceiporadtl irmbeint cdinpbsitizing of thiertggnt ; and a
nol d rel easing agent in a ](ryﬁnge Jbet ween_ about 0.1 wei ght percent and about

| wei ght SPEt EATIVEY MpyBrlyde Antiq¥idaRys-afeat statilizesy anbiotiatitasqntt A€hei ght of

the pol yn?lﬁ(ﬁla%%imsﬁén%rﬁ_ aMfoh ¢ AART @irh RALUIRspHoREure RARNE  sulfonate
or ganophosphites, e.g., tris(nonyl- phenyl)phosphite,

tris(2,4- ealtst -dpdt the phlemy Mabh oslehding agbits ((@emtactiythritol tetrastearate; glycerol

b | ph I [ di ite, di . [
di phospni TiorRiaena MU TR 4 eomninERty BRGUREALIE SR oLl k1 at e

reacti on pHeofbiedosng®df FopekatipleNteSsubktidle da@remprisel GBatagabififdr i8XArage,
tetraki s[methylene(3,5-di-tert-butyl-4- hydroxyhydroci nnamat e?] nmet hane,

3, 5- di - t ebetwsgr ghout Oflaveighhpareeit iahh abeitd).1 yetgatipergent; an antistatic agent
2,4-di-terf- | ite. l1i ke tyL: '
products Er{)fl qgﬁagé al?égr%gésﬂoi]@gggai %:Vgléf’gggﬁ%’gg‘}“g n%?ugpl%y%g%ﬁgﬁ%ﬁﬁg%ﬂuf%ones;
hydr oxyl atmdd 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 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 hydroquinones; hydroxylated
thiodiphenyl 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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t hi odi phenyl ethers; al kylidene-bi sphenol s; benzyl conpounds; esters of
beta-(3,5-di- tert-butyl-4-hydroxyphenyl)-propionic acid with nonohydric or
pol yhydr iwoaBoadeesd s; esters of PCT/US02/20942

beta- (5-tert-butyl-4-hydroxy- 3-net hyl phenyl)-propionic acid with
nonohydri c or pol yhydric al cohols; esters of thioal kyl or thioaryl
conpounds, such as, for exanple, distearylthiopropionate,

di lauryl thi LORR - difrid hadi [ : ke o am des
of Dot a- (VEBLIRLAIEbEpionfl Ak SR L 18 NGB R A iR s hE =

hydr oxyphkastlone pf theiforegeingci d; and the |ike, as well as conbinations
conprising at |east one of the foregoing. O her potential additives which

may be enpl oyed conpr | or ber st.abi]izers suc S I| ht and

t her nal g&%ﬁ% | PYENE (%"%@“"esaﬁ'ﬁﬁ ”EHOE%WPJ%C é;gg’(?ns%ongjﬁnac?é? Kt nder ed
phenol's; ghRG,QXifheh & NeghSHhd ItHENRArddRERSs (0&., CAaMdL NFHdsPbroddIsisedf ;
lubricants (mneral oil, and the Iike), plasticizers, dyes used as a

col oring corapawnds) hirgered nb@OISazZ@IBféﬁZé‘ﬁe?ylnCaﬂtﬁﬁ@%@amFl@é) or gaphatether s, as
well as ¢ nb' ?,a]tublquﬁmn 1%%{%'1 %' lngnéitt]?é fﬁ%t ?s[lﬁm%rst 9 esfl%reg ga?'%qgolgxqgét I Ves.
R ep 6’ y

I n order rocesst n rticular
pol ycar bopategial Gairahess hZodknzerey aﬁdl s lie); emmrrgyc&hlers mmadllyasu donfbiveatiexs r uder or
ot her m xi ng device. The c ta{_yst typically assists in controlling the

vi scosi t yCORPHisieg 3tdeast oneqf thefossgoing 4dsyb&shi e catal ysts i ncl ude
hydr oxi des, such as tetraal kyl ammoni um hydr oxi de, tetraal kyl phosphoni um

hydr oxi deln &8 g td e proveldhgdéd@hd b@hﬁ?tﬂayttc%mﬁi arbdYigc Ot £ 9st@nd
ool Do

t et rabut yl phosphoni um hydr oxi efefred. The cat aI yst(s) can enpl oyed
al one or imy @mﬂamnplgwdmntamelquertbhextgu@u@h oher auikg dexigeh € ggtadsphori ¢

ﬁg: ,([j dﬁp?ﬁér}:%g%h%gl Add cgntp X}’le tcgglt}ﬁ% tgg regult?r% %gatérfﬁt%o H)]s%lt}?g | ymer

|ngan rm)ve avent to
renove regitslyal Vidchide! ehydaoime:qndSuchTheaspoItc}tmrkyimmomdmcedlybgoxum ng a
conventional reaction vessel J) abl e
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 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 polymer 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 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-



adequately m xing various precursors, such as a single or twin screw
extruder, kneader, blender, or the |like. Spectroscopic tags can be

i ncor por awed3iodyes t he pol ymer in the pol yner manufact uri mgTatsazgysno4ziuri ng
pol ymer processing into articles, or conbinations thereof. The
spectroscopic tag can be incorporated into the polymer such that it is

uni formy dispersed throughout the polynmer or such that it is dispersed on

a portion_of s T N IR ) -em W th the
poct r oscacuor g e B meRinBe) HERe BEEEURAL dokfl R RUREAGAN, )
si mul t aneeusdpplynedizatibi.ough 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 nolding machine or other
mol di ng. &?ieéﬁaﬁl‘frysﬂ%f’ bf)é‘l‘%}?rtémega?ﬁ pautgicsgily Fﬁﬁ“ﬁeﬁ@u’éep@c?]tﬁhs%pi c tag

can be di falgﬁé@gr&nrs%rspmmwrba9§ing hRcRBpOIRIN: thMRbNOFS  fdlychibERABOfAL | Ng the
-15 WD 03/ 006965 PCT/ US02/ 20942 Spectroscopic tag into the pol yner

i ncl ude, Exmpgdmpperatucesatfiabgyt 22P7Cxt0 rboutiF6EHd camybe used, wshabguigd60Zat i on.

Th houl.¢~b i i.ned fici Ly ..hi
e g e ey

pol ycar bogaiteollefl @6 migxan® HesonippeitionhatRuskiened tidbouf uR #08bdud 2ahiautes30C can
be used, with about 260C_ to about SZOCireferred. Simlarly, the residence
time in tAOreset fasmpiensd ¥ithaip oAbl BIPYEenPsfsede 28¢ ¥8rHB GOPYY bn.

Resi dence 1] : OoUp. - 1 with u
o about - TIRNEBerRial) plfa e thridr & cRithiion Ry L gre o REn POy " P
pr ef er r edshdet,ivaab, pothexikeuthe anixiund cant dpeiodalsy beflltéred,ruCh ypby aleltyfilpahget s,

sheet, web, or _the like, the n xtupe can optionally.be filtered, such as by
Tl i1 R teata e SR ko ed hFelsh REOR GFSIRIE FEinens oy 6
undesi r abljgcongitkRich pastuetsOr  deconposi tion products. The pol yners of the
present invention nay be used for any application in which the physical

and chem cal properties of the material are desired. ',I'y?_i cally, the
pol yners 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 possible process comprises an injection molding—compression technique 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 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

dispose desired layers on the substrate.
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are used for data storage nedia. After the pol yner conposition has been
produced, it can be fornmed into a data storage nedi a using various nol di ng
t echni quewp oppno®essi ng techni ques, or conbination ther eofPCTRS®TRMBUE
nmol di ng techniques include injection nolding, filmcasting, extrusion,
press nol ding, blow nolding, stanping, and the |ike. One possible process
conpri ses an injection nolding-conpression technique where a nold is

filled wyh éka & & o %’Jﬁﬁfonat-gh?’atm%qa \Aﬁ?i?e%gfiﬁ?ilsfs iprg] @@9&1& hoReat s,

fillers, etc. e pol I's cooled an _ n at | east
parti al I ypal\ybarbonaect sitbstrate sdvighr 08 epthrxally nmmpme a hréknl\e@aiubblds svavrlt)a@ed features
arranged

(o D L ROb & g e 8 crPBle PN TR Tieran VaiaR el s iep A5 0 C o

the subst 8@, sphefos, patEicies, HattheJikdESote DRBoRASIH 8 sabade artheariowsibstrate
is then cooled to roomtenperature. Once the substrate has been produced,

addi ti onalaypisotebuingy, asdeth layere/didleatmpilanerily, a aeflacting lexesishi adéy 2spin
coating, ER) ive q?}?ek §LQWeNaa‘§°cr P-go‘?ﬁ’é?i%'ng cg{}xipn%;)% Gt"]ea@[ RS 'r%gche Qﬁeg&hﬁ'g’

di ppi ng, I"an na nd conbi nat |
conpri si ntyats. H&a&ihgaecoﬁpthuﬁﬂeagﬁmngwn#mﬁ@&ﬂumgdmpeﬁhnnquaﬁdmﬁanng

ot hers con ionally kno art, be ed tq spose desired
| ayers o fah G 91y lap_%*‘wsf 0%73 eetz?uz Qﬁ?’edﬂnqﬁx]é?ﬁff’e of a
pol ycar bogal &4 el dd edm%!é{rﬁ: 129 &FH&@ %ﬁ)régé l'a?éregl‘élegi?ucni'ﬁ%'éile&}xd then

pol ycar bonate substrate mhlc i onal rise a hollow (bubbl es,
cavity, athe reﬂtmlvbﬂ%@) dspodedlin ednt@qcte’tnah themuasxtatoa swthgaraemloneled@mauve and t he

like, in yari such er rt cles nd the i ke)
core. Di s FRELE s R TP ol b ERE 3o SRE WisunsParel Sk piSpudl gl &
layer, di egledgjdis mal BYplisnal decor@ive@sier Motednes 1aser, refBelivelaykr, (ﬁél@étﬂ@tl ve

| ayer, as well as conbinations conprising at | east one of the fore90|ng

| ayers. THYS% andydstassterigpiise WEhwehbsesant diglesiricapyerdadcontast witdpbeed in
accor danc?\g) W:attet h?}fﬁcﬁlyﬁgdlgf {}ng'cﬁldgrﬂgqg%%t li {edeiéaﬂw nvter%on§1 g el St

surface ayers protective [ayer I"el'ectric |ayer, data
st or age | scerdeddieiveitabie, corl @mgendablanfdrhitersuch 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. Typically 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 foregoing, organic dye (e.g.,
cyanine or phthalocyanine type dyes), and inorganic phase change compounds (e.g.,
TeSeSn, InAgSb, 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 (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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the reflective | ayer disposed in contact with the substrate, with an
optional decorative |ayer disposed on the opposite side of the substrate.
Meanwhi | ewofosno@ss optical nedia, the |ayers nmay be opti oralr/ezemati ve

| ayer, protective |ayer, reflective layer, dielectric |ayer, and data
storage layer, with a subsequent dielectric layer in contact with the
substrate. Cptical medi a nay include, but is not limted to, any

DR o A BB BEGE RFohT b, s hokRERRT T Bl GUIEIpTHIS °

magnet o- opkbdligl determiittdobhiast. inlgart, dy Ul e/ps tod aad/ Weite Ifnhéhahﬂhmrﬁfnloyérﬁ medi a
is not limted to disk-shape, but nmay be any shape which can be .
accommodadd MILREtCe LREE OH@%geeto OptiS. JAPESINE d%ra&jétl\reagfaé/ﬁ’(ss)ncgr’éﬁ Whpri se

any mater 'c@ﬁoﬁ@@ﬁ'me%aﬁfsu%ﬁ QE iR, SEL ﬁﬂﬁ@s%e %ﬁl?oon%ﬂ%ef‘%n@@luﬂﬂﬁﬁrﬁal

| ayer, magnetic layer, or a rmagheto-optic layér. Typically the data |ayer
has a thi okrides ambnglptlnem) alachidesG0@., Ailgsh nmwbsie(aﬁ)i othrergpoxidest (e.g3 stltvookness up
to about 300A %. Possi bl e tq torggq ers incl.ud t, are not
| ted ¢ QoMU P OBESE PlnEn TRl P Ge) DO ATRES Y hPUPERSRLES)

transiti opameh aﬁlnal (aasondNi dkRbnd-likO RaMon, GRA Offie Ulke)! aiiodlUbthe! &hidnum
terbium gadolinium iron, boron, others, and alloys and conbinations

conpri si ngor@bmaéa@tcmsmgattll@sﬁr%xe@é@m@reg@mam c dye (e.g., cyanine or
pht hal ocyani ne type dyes) and i norgani c phase change corrpounds (e.qg.,

TeSesn, | %g%?e]ecﬁﬂg layég ‘ﬁﬂ‘%h arb s ap&fsQ& ‘Sﬁtdn¥%r'b% 5i68d of lpect

agai nst dust cont nants, can ave at |c ness of
greater t haer abdare ofted emprhas)@dsas (heatt @nireBers.t daarty@balyt hal® (agthickpessiof lnpa

t hi ckness of abou 300A or S e nme and a
i Ckness (0 SRR AayionRYES ety Lshas Sorsh 2008 R ot gigldhe”
especi al | Yay@fsqfléﬁﬂ@ﬂlm&@a% Ehigkaeasidd afbfnih QtA8E a8 otRYS! dddesi(8.g.,usual Iy
det erm ned, | east in part, by the type of read/write nechani sm errpl oyed,

e.g., grabumoumo@ud@; canbides gaet csiligsmi earbide); And| conprivatoos iopEprisgra i ncl ude
anti- corp Og{ 9 u%?tt}% 'f legmﬁéj %paté*%a]sgoallngdngséthg f&qateﬁ ltsréo%?ﬁltl{)f% Qflthmsfhl I con

nitrides an
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 reflective 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 lubricants include fluoro compounds, especially 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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nitrides, anong others), carbides (e.g., silicon carbide and others),
oxides (e.g., silicon dioxide and others), polyneric materials (e.g.,

pol yacr ylwpas/oeamepol ycar bonates), carbon film (di anond, acansog2d%ke
carbon, and the like), anong others, and conbinations conprising at |east
one of the foregoing. The dielectric layer(s), which are di sposed on one or
both sides of the data storage |ayer and are often enpl oyed as heat

control | St ﬁ'reta\fRil/}ﬁgllé h%{ ag?cg@“%str\fynﬁm%& glf%#ﬁho R Bk (REGRE 1s about

1, 000A an ow as a A or Tess. Possi el ectric S
i ncl ude nitd deppadafieng., silicon nitride, alum numnitride, and ot her S);
oxi des (e. g al um num oxi de); car bi des (e g., silicon carbi de); and

nbi nat i t f t. ,
com nat | o ROTRE Sl b Bl AL e BERIELE B FRUFLh R R
reactive %]Id%vnh%@xa’iﬁiﬂéM%ﬁlﬁ/\b@y@ﬂlﬂustﬂaﬁ@n%ﬁ(ﬁ hecsyi way d)fayrﬂirtz(tﬁ)h shoul d have a

sufficient thickness to reflect a sufficient anmount of energy (e.g.

light) to enable data retrieval. Typically the reflective |ayer(s) can
have a t hESI®MBEEof up to about 700A or so, with a thickness of about 300A
to about 600A generally preferred. Possible reflective |ayers include any

mat eri al ‘A%pé@a ¢Hiuorb n@ldr@?iﬁrﬂggénhﬁe@%ﬁ)b'@d%&ﬁéd R BAIH)EWES uddaChugi ng

nmetals (e.g., umnu I'ver, gold titanium and a Ions and m xtures
conpri si ngpatroi;cxep&ttagmét o atmgl frmltmgq:iomg (B@0°6)) and hiph telapératus stabihityaddi t i on

to the data storage.laye Iect ic |ay ro tlvela er(s) and
reflecti vg%PaI?%r‘t’%s) mc@fﬂﬁ’ééte‘i apter tb%‘) é??ﬁ?%‘é‘%‘%i“??ﬁé’ﬁ‘ ringpthe Bef on” | ayer
and ot her olgﬂéﬁas &titn Jeaafdnca%é na %&%eﬁw%%&oa&%ﬂﬁa,measgs%aét&y fluoro

oils and and ik e"tagging materials of the present
i nvent i onFat heatstabiity msnomndésmlount‘s iof @olysren §abfout 0.5tgmams)rwierkiputyingé an

materi al s, deter n of. ssin onditions such.as the -18 WO
03/ 006965°Wt6§§12¢]§5§ﬁf6n1“é Clg %éﬁ’e\ﬁmné’ SéfY?SiPP?H\aér'was manuf act ur ed
in addition to the thermal history '

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 millimeter
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-optic probe was position near the samples at a certain angle to
minimize the amount of light directly reflected from the sample back into the probe.

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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and degradation. In order that those skilled in the art will be better able
to practice the invention, the follow ng exanple is given by way of

i1l ustratwomn3amdenot by way of l[imtation. EXAMPLE An or @amiusoi/boeer ophore
(Lunpbgen Red 300 obtained from BASF) was used as a spectroscopic tag. It
has a high nelting point (300C) and high tenperature stability. The tag
was incorporated into the nelt pol ycarbonate naterial during the nelt

pol yreri zat.| i t i 1 f | | ab
Poactor .~ eReZLERia) B nTSs B oRRle A2 AR ELLSRERRoRIn® |78
granms) wermelppblycatbonaa aftavihe heht @S0 CEfaratibhvesyelengtht was S4deatriongetas. t he
sanpl es was .dane in ai, escence em Ssi ongggrgctra of the taggf%ef ore

. Fl
and after thiedpasIGaHy 1{1@%@%&5@ the, Pt msdia B2 RAYearkonate g tagefde

stability ' ' r bap ¥hHch

i ncl uded aﬁ%ﬁﬁidfs?%ﬁ%@gﬁeggﬂﬁi%%w %enngﬁ pg(r?%g%gn%?wggé& nstrunments,

I nc., Ur baa@perature ¥adsipafableO2it) theaemparatate efifdVDrprédirctisel ection of  the
excitation wavel engths (SLM Instrunents, Inc., Mdel FP-092) and a portable

spectrof | meter (Ccea tics, . Inc., nedin, FL, Mddel..ST2000).. The
spectrof | wi‘gﬁeet d\('r@%“t%g@%ﬁ’é’ﬂnvﬁhPWnaarfODéeWb%n"ﬂoiuf_,m%%écﬁ}oﬁe doer
mi |1 met ergub@idddddtn®) 6 ffldethe0 wIteNBmF g6 GRY §¥itinghd he s&g@cf;fr al
range from 250 to 80 nanoneters with efficiency greater than 30% and a

| i near chahginvenig. eticapedingly, it (COD)e wnderpjoadethalcthe presentgnyention fms heen

nonochr onaf or . f ocuse ni. . 1. arns of a "six-around-one"
bi furcate e??rbb\é\elraigp g c()?'rﬁ(iej S?rgé ?%ﬂr?e%ogolgé&?%'ean Optics, Inc., Model

R400-7-W/ VIS). Light fromthe sanples was coll ected when the conmon 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 :
spectrofluoronmeter. Figure 1 depicts the fluorescence spectrum of the
fluorescent tag incorporated into nelt polycarbonate before the heat test.
Excitati on wavel ength was 546 nanoneters.
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-19 WO 03/ 006965 PCT/ US02/ 20942 Figure 2 depicts the fluorescence spectrum
of the fluorescent tag incorporation into nelt polycarbonate after the
heat testwoOlsoid9ed i on wavel ength was 546 nanoneters. Thi ecaatsaz/edenr |y
illustrates that the optical nedia nmade of polycarbonate and tagged wth
the di sclosed fluorescent taggi ng dye can be processed above 350C. Such
tenperature is conparable with the tenperature of DVD production. Wile
enbodi nent n and described, various nodifications and
substituti\gr%wngégg\% e thereto without departing fromthe spirit and the
scope of the invention. Accordingly, it is to be understood that the
present i nvAnmethnd Harsidoetefingde palyines ccompriseng b vidirigust thatpobymearat! 1¢ast
limtation. -20 WO 03/&%69 5P /U802/209€}2. ]V\HAT | S q_AI DIS. 1.A nmethod
for i dent 11 EEE JBT Sl VoSG e PRGNS PRU PR g HRTSEh &Y Sy RRS SIAiGasy

one taggi LB ye VB T@EN ohfl@né2adit NLOTBHIRE, 2kt RAPOAS @PgarbmeRBRd ONe
organic fluorophore dye, at |east one inorganic fluorophore, at |east one

or ganonet alddrephor¢, pdleshere serar-candagtingohisessentanepaticlagon eambisatiaint
nanopartic r [ I OF f [ [ r has a
Ferpor at urbese B FTRD 7 e BAREER bny Y EERRE AT Ao RAE Bl

suf fici ent3sge@nind ¥s pusbntt ok §lTAcikaggQuagityaueli ithdt ihe tagdgihgChbletiel W a a
spectrof |l uoroneter at an excitation wavel ength in_a range between about
100 nanonedetscsblenda ghenectraflwaomgiss gk ae e citaionHEaveanghyin p raRgedreiuefie wit h

claim1l, V\{{E%gsg&ﬁagsqjtﬁ%g%&g%g AbdandligeR tenperature stability of at

| east abou I'naccordance with claim1l, wherein the
tagging material has a tenperature stability of at |east about 400C 4.
The met hod.The asetbod ancacovdbicec ithneladim Whewbéraint He taggoignmatesibbhiasla has an

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, wherein the tagging material has an
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'f']diisoquinoline-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.

21-



excitation wavel ength in a range between about 200 nanoneters and about
1000 nanoneters. 5.The nethod in accordance with claim4, wherein the
t aggi ng maDaBioedoshas an excitation wavel ength in a rangepPogttisesabout 250
nanonet ers and about 950 nanoneters. 6. The nethod in accordance with claim
1, wherein the at |east one fluorophore dye conprises perylenes. 7.The
met hod in accordance with claim6, wherein the at | east one fluorophore dye

conpri ses 9.Th thod i d ith claim, 1, wherein the fl h is an anti-stok
anthra[ 2,1, g-eé?e 60 5mlaOCC(c)1lr 8“?"]”5} Ps?oaéw n(;)i/lerrlee] 1,3, léorfg Orel H) -tétsrooﬁse, 2,9-

bi s[ 2, 6- bi shiftdyet hyet hyl ) phenyl ] -5, 6, 12, 13- tetraphenoxy, or conbi nati ons
thereof. 8.The method in accordance vm'th cl ai m 1, wherein at |east one

f I uor ophor e npr. i ses @ Iant ani.de ComR 21 WO 03/ 0069

T Usba G HE msTRE i & Rufinyd MBI AR ST 2 e SonbRaiCine

f 1 uorophor mmlﬁesaéhta;aﬁdpammﬁﬁnp@as tus dyes, ddoP mes,rm{dmd)mamommmdﬁnce with
claim1, wherein at |east one sem -conducting |um nescent nanoparticle

conpri ses CdS ZnS, Cd3P2, PbS, or conbinations thereof. ] ]The nethod in
accor dancel Whenmethed nip 1acciydancs withe clpighdy WhSESR @frileash ABE SEPHEONGuUGRSes cent

nanopar ti cf, ¢, QR ﬁ Bx%rci% %Qﬁhgﬂs@ PR Na$S a&%&tbé'&%@%fn Nkt dHHum

al um nates doped with urop| um Dysprosium 12 thod 1 n accordance
with cl ai mlfiminetesrdeped witk Buagimagnddtysprosium.s present in a range between
about 10-18 and about 2 percent by weight of the total polyner. 13.The

v angl? OruBERoARb o B EV ARl Pl e AR My SRl T s By P

t0t al pol ymﬁagebet&e‘erm@odmubbgdaridrabaatcppdemeywdgm of gleMdtaBpolpher ei n t he
tagging materital is present in a range between about 1012 and about 0.05

ercent by wejght of the total
P yl 3. The‘c:] method in accordance w1tg c¥a1m 12, wherein the tagging material is present in

a range between about 107> 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 1072 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 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.
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15. The nmethod of claim1l, wherein the polynmer conprises a thernoplastic
polymer material. 16. The nmethod of claim 15, wherein the thernoplastic
pol ymer maDaesiceddsTonpri ses polycarbonate. 17. The net hodPrafi/ushzomd,
wherein the tagging material is incorporated into the polyner by coating,
adm xi ng, bl ending, or copolynerization. 18. The nethod of claim1, wherein
the polyner is used in a storage nedia for data. 19.The nethod of claim1,

wherein thg ?R%X@Q&Qrp%@évﬁéarﬁec\gltﬁrdlﬁ& Tabackd - th@q?égi:xggs '?‘igatté}Pa‘f' HaB a

accordance Wt alm 1 erein the tagging materia tenperature
stability teowemture stabihigr food timie peemd of Ieam theb@boutlOmmutest es. - 22 WO 03/ 006965
PCT/ US02/ 20942 21. The nethod in accordance with claim11, wherein the
tagging al _has, a erat ur t.ability for,a. tine r|o of |ess
han about 25 ThE AR B ok TR LEF, G Lo piRbred 0 b PRGBS AT e
taggi ng nedehl; eﬁkurbatabmty foeaneiteiod oFl@abitantapodt@0 Rcdridde per i od of |ess

t han about 28 seconds. 23 A nmet hod for identifying a pol ycarbonate,

conpri sing providin n pol ycarbonate at |east one tagging nmaterial
wher ein t f\agg?thgg n@ferdeatlfyew i BRl¥cagbongts, y FRIRRUISIHE ePOV g enpdhe) | ene

has a tenp ?égﬁ&lat%t:ﬂl?éés{ BxYe %glﬂ n‘nﬁé‘ﬁe}l aﬂ%’%k t%@@gn?%at%f%@ﬂn\%b&? range

bet ween a 0. 18 percent ight a out 2 percent I ght of the
total pol y}s@y]b@@aft}&r@mmd perdiehe bid benperatu@ syislityrodfalt leastoateuedSEHC, an
excitation wavelength in a ran% bet yyeen about 100 nanopeters and about
1100  nanoPf§tesf 4 a2Wnge BEINARR A0EYINDY | SPAHE™ h.‘/a\y@.ghba%@@wta% PRIKENEDh t he

tagging ”%Si hebf Wélﬁéﬁiycaﬁonhé‘i d RN&, thEtH%“vi%l fl g@étfb?l'ﬁ%}fo‘?néﬂééeat a4 |east

one |norgan| or organo uorop ore, st one sem -conducting
| um nescengxcitamopaavelengh iora mmllvmwemabdu’new@oﬁanommrmandtdbeutt ayyl ng

material has a %errper ature stability of at |east about
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 nanometers.
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350C and is present in. a sufficient quantity such that the tagging
material is detectible via a spectrofluoroneter at an excitation

wavel engtwoiog/oesosmnge bet ween about 100 nanoneters and alpamtUsShio®42
nanoneters. 25. The polyner in accordance with claim 24, wherein the
tagging material has a tenperature stability of at |east about 375C.
26. The polynmer in accordance with claim 24, wherein the tagging naterial
has a t erefial diemdtlift l:édr cgfwlfhtcl 19@?’;, vfrgpél'ﬁ t}f&OaQ%astz(?ne o9 ké’w
accordance wth clarm erein the at ast one fluorophore ha
exci t at i orhanaw ekatagoh waNelangthnge rivede\betveea b ot %@manamemmgbanwﬁ)bout
1000 nanoneters -23 WD 03/ 006965 PCT/ US02/ 20942 28. The polyner in
accor danc¥WWPRCE ai m 27, wherein the at | east one fluorophore dye has an
excitation wavel ength in a range between about 250 nanoneters and about 950
nanonet er 99 AR piian@Gh WoRIrddnte 346G SANTE WHetdin Heait TeagtonehRi@ihdrd M at

| east one quorophore dye conprises perylenes 30. The polyner in

accor dancomprisesceaylgnes0, wherein the at | east one fluorophore dye

conpri ses

anthral 2, , S Il e, 2,9-
bi s[ 2, 6- bljﬁso?rl}%i({])ﬁné 1?{9@% ﬁ nfCLqﬁl{h Q%Hilizml\g%feéﬁ% %iee’r%gtg(%é fﬁkbmcﬁhﬁt)l %g:t i ons

t her eof ciéﬂnpﬁlses pothyai2yl,9-defack 00-deiddisnitinolaeal ﬁ;8214)(21\1\49é1r)eetmrtehe2 %t | east

accor dancaPE it anstF B e T el T B ISHOTS oE SR PEesdRFedT] - ot okes

shift dye. 33.The polyner in accordance with claim 24, wherein the at | east

one seni - MOTHIYSH A€ ih WBtdresee MithnARanas, Wwheten GRMpldastshe@idrophdfe dyed3P2,

PbS, or conbinations thereof.
comprises a lanthanide complex.

an

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, Cd;P,, PbS, or

combinations thereof.

34.The polymer in accordance with claim 24, wherein 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 weight and about 0.5 percent by weight of

total polymer.
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34. The polyner in accordance with claim 24, wherein the at |east on
conducting | um nescent nanoparticles conprises rare earth alum nates

conpri si Nyo 03ie@nt i um al um nat es doped wi th Europi um and Pgsparsoyz2em 35.
The pol yner in accordance with claim 24, wherein the tagging material is

pr esent

in a range between about 10"18 percent by weight and 2 per

e sen -

cent by

wei ght of the total polyner. 36.The polyner in accordance with claim 35,

por cent by TR R Akl flngt L ARE Do, e (A ARRE R OB 124 vo

percent by wel

percent ’by wel ymer

03/ 006965 iPECTirigsB2v2@A 4Bout 3 Thercpa tyneeightrand aboutdhOE peresrit by oveighnod 6,
wherein the tagging material is present in a range between about 10-12

per cent byt

®fand about 0.05 percent by weight of total polyner. 38.

The polyner in accordance with claim 24, wherein the polynmer conprises a
t her mopl aski GhE QoYW MBS RbidRhee 39th dIBRn P! YiRFeih Th@peRARANGMpHséNacl ai m
38, wherein the thernoplastic polyner nmaterial conprises polycarbonate.
40. The ptheymeplastic patgoerdasiesalwi t h cl ai m 24, wherein the tagging material
is incorporated into the polyner by coating, adm xing, blending, o

i STuse

st orage l'a for data.

COPOl YTt 1520 hynth 1 BRIy 455K BRS8N GhAIAE pokRs

pol ymer

n-acc

wi th cl ai ma2&iat osmpprists polyaarbohave.i ng material . 43. The polynmer in acc
with claim?24, wherein the tagging material has a tenperature stab

for a tine iod . of Iess than about 1Q m.nutes. .44 The pol r.in
accor dancé‘o\?\ﬂ‘ﬁ RAIYNGH BY 2o Fn""‘#}ﬁecjf ’Qg&?n@”%ﬁﬁ‘f%rm%ltagélg g"%?r@lrlrﬂé
stabi ity if@fpRatbd Mo BRPoBEINGHylc88End Aahixdhe Blendin®l HUdoPolymerization.

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 polymer 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 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 is detectible
via a spectrofluorometer at an excitation wavelength 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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45. The pol ymer in accordance with claim 24, wherein the tagging materi al
has a tenperature stability for a tinme period of |ess than about 20
seconds. W6.0&opobycar bonate conprising a peryl ene, wherei rCrhisopzvyt ene has
a tenperature stability of at |east about 350C and is present in a range
bet ween about 10"18 percent by weight and about 2 percent by wei ght of the
total polycarbonate and is detectible via a spectrofluoroneter at an

excitall oSl RGN, | Bt Acd e b&ﬁﬁ@fc%nd@cmg difesRANARLEL c@gd?rabout 1

1 00 nanoneters. article conprising a ymer ereint

conpri ses anblieieh tbereof, tvagagmmgharrtﬁggmgamamhelr}easna tdnepcratgi stepilipt eff atal
conprises at |east one organic -25 W . 03/006965 PCT/ US02/ 20942

f I uor ophorleasgyeout 4607 angd ISgrescrlgR; & WHAet [UAR Y SHshiBatBa taagggpatetitlcl e, or

combi nat | 0 oLAGKR0Lin PIRLELY Rl PIBLNG. FLEL WAlclDASH 3 b SHRRTIANMLS

stability o east out and 1s present In ent quantity
such that dbbet I08gghagetert @wliabbut li190den@ndted] e via a spect rof | uor onet er at
an excitati on wavel ength in a range between about 100 nanoneters and about
1100 nano

The article in accor | ai m 47 rein the
200 ng. meRei rtiies mh s Rsp aYh STGTaB T PEGRY Mk HeBu maiscal havaC
49. The ar ttblﬁ Eratufe ARGRRIANE RaWbBuCl78P@ 47, wherein the tagging materi al
has a tenperature stability of at |east about 400C. 50. The article in

accordance with claim47, wherein the at |east one fluorophore dye has an
exci t at i orfHviBheehrtislgt In ianccmdmag\enlbsﬂmem,aw&)@nelm@& teggmgemetesiabhds about
1000 nanoneters ordance with claimb50, wherein the

in
at | east dFl‘Bp‘?rIaWBerﬁf)lHBPyeOfg’y&aSt ‘W%g citation wavel ength in a range

bet ween abou_t 250 nanonet ers an_d about 950 nanoneters. 52.The article in
accor dancesoMTHR i@k M 4ctorddi&d Rith cldid 4t wherst theneldhbtue TR B/e

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'|diisoquinoline-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, Cds;P,, PbS, or combinations thereof.

226-



conprises perylenes. 53.The article in accordance with claimb52, wherein
the at | east one fluorophore dye conprises

ant hr a[ 2, wp93deds6, 5, 10-d' e' f]dii soqui noline-1, 3,8, 10(2H, ?ErAtser/zoone, 2, 9-
bi s[ 2, 6- bi s(1- net hyet hyl ) phenyl ]-5, 6, 12, 13-t et raphenoxy, or conbi nati ons
thereof. 54.The article in accordance with claim47, wherein at |east one
fl uorophore dye conprises a | anthanide conplex. 55.The article in

accor danc et N fghin AoraIE §IiR AR, B URLERNOLEIS B ah.chligkRg Shi Tt

dye. 56.The article 1 n acc ance w alm 47, wherein at [east

sem - conduucinegeent urnpgsstent caraprigear e leertc calpminsés ColSpridng, stod8#d, PbS,

or conbi naiii ons tper of. _-26. WO 0@5006965 PCT/ US02/ 20942 57The article in
accor danc & WPAtes fapes With Eygoapn andPY§RieiMyne seni - conducting | umi nescent

nanoparticle conprises rare earth alum nates conprising strontium

al um nat esgdopRdirilé h &d6@ahdevianelalay 3P WisdreiMthS@gginP enatdrial &l Redeft in
accordance with cl aim47, erein the tagging material is present in a

range bet weengedishtieeniabonigl @ o tapant 2 perssnicanveiplt afdhetetal eplymee t ot al
pol yner. 59.The article in accordance with claim58, wherein the tagging

materi al | e 1 e|n : . Ut - rcent by
wei ght of St@hg{etagﬁgF ”Lg‘f°§/’?n‘¥§‘em§‘8.té%e at’t“?‘g e }hjﬁq%%gé%é)ggﬁéglgt 1\/S\,i%tr?r}ec 1zrrali m 59,
wher ei n t heatgggitweenmbber 181’ to sbqut §Serercennby weighhgfthbettslgeiynadrout 10- 12 to
about 0.05 percent by weight of the total polyner. 61. The article in

accordance wW,th claim47, . wherein,the polyner..c r.ises, a ,thernppl astic
pol yrer ey IcaicIg 3 aekgisagps pEh I b SBFTARE HRdRE BRSTR] BPSRE el n t he
t her nopl astrafgdisdtye@raboliBLEF it@hb&@PsipeRen{IB) WeightsMaé Btal§dlymkhe article in
accordance with claim47, wherein the tagging material is incorporated
into the polyner by coating, adm xing, blending, or copolynerization.

61. The 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.

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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64. The article in accordance wth claim47, wherein the polyner is used in
a storage nedia for data. 65.The article in accordance with cl aim 47,
wher ei n twe opobepser contains a coloring material. 66. Thepamiisod/sin
accordance with claim47, wherein the tagging material has a tenperature
stability for a time period of |less than about 10 m nutes. 67.The article
in accordance with claim47, wherein the tagging material has a

t enper at ur, [ )i far I | t i . 68. The
ol o 1 10045 pge P BB RELh E polven®Shark S3farct B pehy bR, O3

t enper at urcempiiadsid pdrylefi©wherein e ppstdnehanh tdngsesattiteastabalitg wf aPlRagaboutds. - 27
WO 03/ 006965 PCT/ US02/ 20942 69. A storage nmedium for data conprising a

pol ycar boRaPECwisepresant ihel FEEy CsHsAateut dBnpPrisert by peightand ahieet éin t he
peryl ene t r recstabilijty S bout 2. 1 S present in
a range bg%&ﬁg% %ﬂggfe%g-ﬁg %%rééﬁz B§®&£P%kf§a%8&a%%ugdgéggg}dgﬁtaby

wei ght of spé@rdflad@imepal ycanbexmtgon andvelenghetiecd abmgee betwaeea about 100
spectrofluoronetegﬂat andﬁﬁéitation wavel ength in a range between about 100

nanonet er S8R 289y ARHAREPIS. - 28
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